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DESCRIPTION  OF  PROGRESS 

TASK  1 .0:  COMPARATIVE  TECHNOLOGY  ASSESSMENT 

This  task  is  essentially  complete,  but  we  are  continuing  to  monitor 
progress  in  other  technologies  as  they  relate  to  the  goals  of  this  program. 

TASK  2.1 :  INTEGRATED  SUBSYSTEM  SPECIFICATIONS 

An  ESM  receiver  analysis  was  completed  in  this  reporting  period  and  is 
included  here  as  an  appendix.  It  is  a  rigorous  analysis  on  the  benefits  of  the  use 
of  HTS  components  in  ESM  systems.  The  basis  for  the  study  is  a  comparison  of 
sensitivity  and  dynamic  range  between  a  typical  ESM/ELINT  receiver ,  using  the 
best  available  current  technology,  and  the  same  system  using  HTS  components. 
The  HTS  components  identified  as  key  for  insertion  into  ESM  systems  are;  delay 
lines,  filter  banks  and  front-end  flow-through  switched  filterbanks.  In  addition,  a 
future  HTS  or  semiconducting  cryocooled  mixer  has  been  presumed. 

The  “typical”  ESM  system  chosen  for  this  study  is  a  Channelized  Cued 
Receiver  architecture  with  two  receiver  threads:  A  channelizer  and  a  narrow- 
barKl  superheterodyne  receiver.  Once  the  base-line  performance  of  both 
threads  was  determined,  the  insertion  of  HTS  devices  one  at  a  time  and  then  in 
combinations  was  considered.  The  delay  line  was  analyzed  for  two  different  gain 
distributions.  The  analysis  included  a  complete  optimization  of  receiver  gain  and 
sensitivity  distribution  and  the  gain  (or  loss),  noise  figure  and  third-order  intercept 
points  of  all  the  components  in  the  chain. 

Figures  1  to  3  summarize  the  study.  Figure  1  is  a  block  diagram  of  the 
Channelized  Cued  Receiver  with  the  HTS  components  (shaded).  Figure  2  is  a 
table  showing  the  HTS  device  parameters  used  in  the  analysis.  These  were 
taken  from  experimental  measurements  and  performance  projections.  Figure  3 
shows  the  results  of  the  study.  The  last  column  on  the  right  shows  the 
improvement  in  system  performance  due  to  the  insertion  of  the  HTS 
components.  As  can  be  appreciated,  this  improvement  is  significant. 
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Figure  1 .  Block  diagranri  of  Channelized  Cued  Receiver  used  in  system  study. 
TTie  receiver  is  shown  here  in  its  conceptual  use  in  a  Radar/ESM 
shared  aperture. 
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Figure  2.  HTS  parameters  used  In  ESM  system  study.  These  were  obtained 
from  measurements  of  devices  made  In  this  program  and  calculated 
performance  projections. 
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ESM  Receiver  Analysis  Summary 
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Figure  3  Summarized  results  of  the  HTS  ESM  system  study  showing 

sensitivity  and  two-tone  dynamic  range  (TTDR)  for  the  base-line 
conventional  receiver  and  the  same  receiver  when  HTS  components 
are  included.  Notice  that  the  Improvements  (last  column  on  the  right) 
are  significant. 
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TASK  2.2:  FUNCTIONAL  COMPONENT  AND  SUBSYSTEM  DESIGN, 
FABRICATION  AND  TESTING 

Filterbanks 

HTSSE-II  Filterbank  and  Delay  Line  Delivered. 

Deliveries  were  made  to  the  Naval  Research  l.aboratory,  under  the 
parallel  HTSSE-II  program,  of  a  space  flight  4-channel  filterbank  and  45-ns  delay 
line  units.  All  the  technology  employed  in  those  devices  was  developed  under 
this  ARPA/ONR  program.  Figure  4  shows  the  response  of  all  four  channels  of 
the  filterbank  delivered.  A  photograph  of  the  device  with  the  lid  open  was 
included  in  our  Quarterly  Report  No.  10.  Figure  5  is  a  photograph  of  the  45  ns 
delay  line,  showing  the  two  modules  in  series  that  make  up  the  total  delay. 

Figure  6  shows  the  frequency  and  time-domain  responses  for  this  device. 

Ground  Plane  Problem 

Our  investigations  on  the  optimization  of  our  filterbank  channel  responses 
continued  during  this  reporting  period.  Further  experimental  evidence  led  us  to 
the  conclusion  that  the  quality  of  interface  between  the  substrate  ground  plane 
(2-|im-thlck  electroplated  gold),  and  the  carrier  needs  to  be  Improved.  The 
soldering  process  used  for  mounting  the  substrates  on  the  carrier  was  reviewed 
and  found  inadequate.  SEM,  ultrasonic  and  X-ray  analyses  were  conducted  on 
various  samples  to  determine  the  quality  of  the  interface.  Optical  examinations 
on  several  disassembled  devices  showed  large  areas  on  substrate  and  carrier 
where  some  type  of  reaction  had  taken  place  between  the  indium  and  gold  but  it 
was  evident  that  the  substrate  was  not  attached  to  the  carrier  in  these  areas. 
X-ray  diffraction  analysis  established  that  there  was  no  eiemental  gold  left  in 
these  areas,  only  Auln2,  a  brittle  intermetaiiic  compound.  We  believe  the 
presence  of  this  higher  melting  point,  hard  compound  as  a  iarge  area  interface 
layer  precludes  obtaining  good  electrical  or  mechanical  interface  properties 
because  it  has  poor  electrical  conductivity  and  because  its  formation  interferes 
with  the  ductility  of  the  preferred  indium  layer,  thus  making  it  easier  for  thermal 
strains  to  peel  the  substrate  away  from  the  carrier.  Actual  soldering  of  the  gold 
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Figure  4  Composite  plot  of  the  response  of  all  four  channels  of  the  HTS 

fllterbank  delivered  to  NRL  (Flight  device).  The  notches  on  the  lower 
frequency  skirts  of  channels  2, 3  and  4  are  the  effect  of  multiplexing 
and  occur  because  of  overlapping  with  the  previous  channel. 
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Figure  6  HTS  delay  line  frequency-domain  response  between  2  and  6  GHz  (a) 
and  time-domain  response  showing  the  total  delay  (b). 


plated  substrate  to  the  gold  plated  carrier  requires  using  a  solder  where  the 
formation  of  these  compounds  is  inhibited.  The  usual  solder  choice  for  soldering 
gold  plated  surfaces  of  semiconductor  substrates  (usually  much  smaller)  to 
carriers  would  be  a  lead-indium  or  silver-indium  alloy  with  a  higher  melting  point 
and  less  ductility.  These  solder  compositions  are  not  as  suitable  for  cryogenic 
temperature  use,  where  solder  ductility  is  more  important.  Higher  melting  point, 
vigorously  wetting  solders  are  also  contraindicated  when  YBCO  underlies  the 
gold  surface,  because  diffusion  of  indium  through  the  gold  layer  to  the  YBCO  will 
harm  the  HTS  properties  of  the  film. 

The  successful  ground  plane  connection  achieved  with  our  earlier,  smaller 
devices  was  most  probably  due  to  a  hrge  area  pressure  contact  between  two 
gold  surfaces  with  an  indium  layer  In  between.  During  assembly,  the  indium  was 
melted  and  about  one-half  squeezed  out.  This  resulted  in  a  good  electrical 
contact  due  to  compression  of  the  edges  of  the  substrate  against  the  carrier. 

To  achieve  good  electrical  contact  for  larger  area  substrates  using  a 
similar  technique,  we  tested  a  modified  assembly  procedure  for  the  stripline 
delay  line  (2*  diameter  wafers).  Indium  preform  layers  were  placed  between  the 
substrates  and  the  carriers,  maintaining  compression  on  the  assembly  while 
heating  it  in  vacuum  to  just  below  the  melting  point  of  indium,  thus  using  the 
increased  indium  ductility  to  produce  a  conforming,  large-area  pressure  contact. 
The  pressure  was  maintained  after  to  the  heating  cycle  by  the  assembly 
fasteners.  Very  good  electrical  properties  were  obtained. 

it  is  more  difficult,  however,  to  maintain  pressure  on  a  large  microstrip 
filter  substrate  without  interfering  with  the  microwave  field  distribution  above  the 
device.  Various  arrangements  using  springs  are  presently  being  explored. 

Some  tests  will  also  be  performed  with  conductive  adhesives  containing  large 
percentages  of  silver  powder. 

ARPA  Filter  Fabrication  and  Testing. 

The  testing  of  the  design  of  the  four-channel  filterbank  for  EW 
applications  was  begun  with  the  fabrication  of  single  filters  from  the  third 
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channel.  The  procedure  for  the  design  of  these  filters  was  discussed  in  our 
Quarterly  Report  No.  9.  Two  wafers  were  processed  with  two  single  filters  each. 
Measurements  were  done,  preliminarily,  on  a  test  fixture  designed  to  provide 
quick  measurement  turnaround  and  a  better  understanding  of  the  packaging 
requirements.  The  response  is  shown  in  Figure  7,  which  also  shows  the  desired 
ideal  response  and  the  one  obtained  from  an  electromagnetic  simulation  (using 
the  Sonnet^''^  software)  on  this  geometry.  As  can  be  seen,  the  measured 
response  is  78  MHz  below  the  designed  one.  This  problem  is  presently  being 
investigated.  It  must  be  pointed  out  that  the  design  technique  used  for  this  filter 
is  the  same  as  for  the  filters  made  for  the  parallel  HTSSE-II  program,  where,  at 
most,  differences  of  less  than  5  MHz  were  observed  between  measurements 
and  design.  In  Figure  8  the  measured  response  has  been  shifted  in  frequency 
so  as  to  lay  on  the  designed  responses  (ideal  and  Sonnet).  It  can  be  seen  that 
the  agreement  between  passband  shapes  is  very  good  down  to  about  45  dB. 
This  is  an  encouraging  result  which  will  Impact  favorably  on  the  time-domain 
response  of  the  filters  when  multiplexed  Into  an  EW  fllterbank.  The  effect  of  the 
lower  filter  skirt  below  45  dB  is  presently  under  investigation,  as  is  its  correction. 

Tandem  Coupler  with  Gold  Ribbon  Crossovers 

The  wide  band  tandem  coupler  reported  in  our  Quarterly  Report  No.  9  is 
now  being  fabricated  after  some  refinements  in  the  design  were  made  to  account 
for  the  size  constraints  imposed  by  the  total  channel  dimensional  requirements. 
That  is,  the  distance  between  the  two  8.34  dB  couplers  that  form  the  tandem 
was  shortened  and  the  input  lines  were  rotated  by  90°  from  the  original  design. 
The  layout  of  the  channels  was  designed  so  that  it  would  fit  in  the  substrate  area 
used  in  the  parallel  HTSSE-II  program,  using  the  same  locations  for  the 
input/output  connectors.  This  will  allow  the  use  of  the  same  basic  design  for  all 
the  test  packages  and  the  channelizer  as  was  used  previously  for  the  HTSSE-II 
devices.  A  mask  was  designed  to  test  the  coupler  design  with  three  couplers  per 
2-inch  diameter  wafer.  Two  wafers  are  in  process  and  will  be  completed  shortly. 
The  couplers  will  use  gold-ribbon  crossovers. 
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Figure  7.  Superposition  of  measured  and  designed  reeponees  for  the  single 
Cos^  fitter  fabricated.  Of  the  two  responses  labeled  as  "Designed,* 
one  is  the  ideal  response  and  the  other  was  obtained  from  an 
electromagnetic  aniriyeis  of  the  final  geometiy  used. 


Figure  8.  Same  as  Figure  7  with  the  measured  response  shifted  to  lay  on  the 
designed  curves. 
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Tandem  Coupler  with  YBCO/SAT  Trilayer  Crossovers 

A  version  of  the  tandem  coupler  using  YBCO  trilayer  crossovers  is  also  in 
the  final  stages  of  design.  A  trilayer  technology  developed  on  an  Air  Force 
(AFOSR)  program  will  be  applied  for  this  tandem  coupler.  The  trilayer  is  made 
up  of  a  base  YBCO  on  LaAIOs  (LAO),  an  intermediate  SraTaAlOe  (SAT)  dielectric 
2000  A  thick  and  a  top  YBCO  layer  (2000  A).  It  is  expected  that  higher  reliability 
and  lower  loss  per  coupler  will  result  from  this  effort,  as  well  as  lower  production 
costs.  It  must  be  pointed  out  that  a  four-channel  filterbank  will  have  a  total  of  1 6 
crossovers  (two  tandem  couplers  per  channel;  two  crossovers  per  tandem 
coupler).  Thus  using  gold  ribbon  in  a  practical  channelizer  (40  channels  or 
more)  is  not  possible.  Furthermore,  this  technology  will  have  a  significant  impact 
on  the  crossovers  needed  for  lumped  element  spirals  which,  as  pointed  out 
below,  might  ultimately  be  used  for  EW  channelizers.  Figure  9  shows  details  of 
the  layout.  Figures  10  (a)  and  (b)  are  the  calculated  transmission  and  reflection 
characteristics,  respectively,  obtained  to  date. 

Lumped  Elements 

An  effort  was  begun  in  this  quarter  to  develop  techniques  for  filter  design 
and  fabrication  using  lumped  elements.  The  reason  is  that  as  our  work  in  this 
program  reveals  more  clearly  the  impact  of  HTS  on  EW  systems,  achieving 
compact  filterbanks  has  acquired  increased  importance.  The  lumped  element 
approach  to  practical  EW  filterbanks  must  be  contrasted  with  our  present 
distributed  element  design  which  demands  one  2-inch  diameter  wafer  per 
channel.  It  is  expected  that  using  planar  lumped  elements  the  channel  sizes  can 
be  reduced  considerably,  making  the  channelizer  smaller  and  the  fabrication 
more  cost  effective. 

The  work  will  initially  concentrate  on  basic  filter  designs  and  test 
structures  at  frequencies  lower  than  4  GHz,  where  the  filterbank  operates.  Being 
designed  are  two  versions  of  an  L-band  filter  and  some  test  resonating  structures 
which  will  be  used  to  evaluate  inductive  and  capacitive  lumped  elements. 
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Figure  9.  Details  of  the  layout  of  the  tandem  coupler  with  YBCO/SAT 
crossovers. 
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Figure  10.  Calculated  transmission  (a)  and  reflection  (b)  for  the  tandem  coupler 
with  YBCO/SAT  crossovers. 


The  specifications  of  the  filter  are  based  on  the  requirements  of  a  single 
channel  in  a  switched  filter  bank  used  in  an  L-band  radar  currently  being  produced 
in  several  variations  (ship-based,  aerostat-based).  The  design  is  a  five  pole 
Chebychev,  centered  at  1305  MHz,  with  a  10  MHz  bandwidth  (0.8%).  The  main 
design,  which  will  be  labeled  Topology  1,  is  based  on  shunt  coupling  inductors, 
with  grounding  on  the  top  surface  of  the  filter  substrate  (i.e.  a  coplanar  structure  is 
used),  with  no  back-side  ground  plane.  This  design  includes  tunable  capacitors  for 
adjusting  the  center  frequency  of  the  filter  to  account  for  small  material  or  process 
variations.  A  second  filter,  Topology  2,  was  designed  with  a  microstrip 
configuration  (i.e.  there  is  a  back-side  ground  plane)  using  shunt  coupling 
capacitors.  This  design  will  not  be  tunable  and  hence  will  be  a  good  indicator  of 
the  variations  in  the  process  and  materials. 

These  fitter  designs  have  been  completely  modeled  using  the  Libra  linear 
simulator  (which  also  provides  the  layout).  The  spiral  inductors  will  be  fabricated 
and  evaluated  prior  to  fabricating  the  complete  filter.  The  test  circuit  for  the  spiral 
consists  of  the  spiral  in  parallel  with  a  known  standard  American  Technical 
Ceramics  type  1 1 1  capacitor,  and  a  spiral  in  parallel  with  an  interdigitated 
capacitor.  Final  layout  is  nearing  completion,  with  the  addition  of  coplanar 
waveguide  input  lines  to  these  test  patterns.  Key  elements  of  the  filter  designs  are 
being  simulated  by  Sonnet,  an  electromagnetic  simulator.  This  is  essential  on 
some  parts  of  the  circuit  as  the  Libra  models  are  inadequate.  The  simulations 
from  the  Sonnet  runs  are  then  substituted  for  the  linear  Libra  models. 

The  lumped  element  ideal  fitter  prototypes  with  the  shunt  coupling  inductor 
(T opoiogy  1)  and  shunt  coupling  capacitor  networks  (Topology  2),  along  with  their 
responses,  are  shown  in  Figures  1 1  and  12,  respectively.  The  series  inductors 
were  implemented  using  spiral  inductors;  the  series  capacitors  with  adjustable 
piston  capacitors  from  Voltronics  (for  Topology  1)  or  two  microstrip  gaps  in  series 
(for  Topology  2).  The  shunt  inductors  are  two  parallel  lines  shunted  to  a  coplanar 
ground  on  the  top  substrate  surface.  The  shunt  capacitors  were  designed  as  pads 
of  a  given  width  and  length  on  the  top  surface  of  the  substrate. 
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Figure  1 1 .  Ideal  filter  prototype  and  its  response  for  the  lumped  element  filter 
with  Topology  1. 


Figure  12.  Ideal  filter  prototype  and  its  response  for  the  lumped  element  filter 
with  Topology  2, 


The  shunt  inductor  topology  (Topology  1),  was  found  to  require  a 
suspended  substrate  configuration  with  a  coplanar  ground  in  order  to  minimize 
stray  capacitances.  The  pad  size  needed  for  the  trimmer  capacitors,  about  3100 
pm  square,  would  provide  about  4  pF  of  shunt  capacitance  if  the  substrate  were 
not  suspended.  Even  with  this  feature,  it  was  determined  that  the  resonance 
frequency  of  a  single  spiral  resonated  with  an  ideal  fixed  capacitor  is  very  sensitive 
to  the  proximity  of  the  package  surface  below  the  suspended  substrate. 

The  effects  of  finite  inductor  and  trim  capacitor  Q  on  Topology  1  (Figure  11) 
were  also  examined,  as  shown  in  Figures  13  and  14.  The  filter  insertion  loss  is 
most  affected  by  the  Q  of  the  spiral  inductors.  The  insertion  loss  and  passband 
shape  in  a  filter  with  this  designed  percentage  bandwidth  ( 0.8%)  are  very  sensitive 
to  element  Q. 

In  the  next  reporting  period  the  resonator  test  circuits  will  be  fabricated  and 
the  results  compared  with  our  simulations.  Also,  the  Sonnet  simulations  of  both 
topologies  will  be  completed.  Only  Topology  2  will  be  analyzed  completely  in 
Sonnet  because  it  is  a  well  defined  microstrip  geometry.  Topology  1 ,  which 
includes  the  trimmer  capacitors,  will  have  only  some  of  its  elements,  specifically 
the  inductors,  analyzed  in  Sonnet. 

TASK  3.1:  PVD  MULTILAYER  FILM  FABRICATION 

The  two  subtasks  scheduled  for  this  reporting  period  required  delivery  of 
YBCO  films  on  both  sides  of  two-inch  diameter  substrates  to  Task  2.2,  and 
development  of  a  multilayer  deposition  capability  on  four-inch  wafers. 

Sputter-deposition  of  YBCO  films  on  2-inch  wafers  stayed  ahead  of  device 
fabrication  requirements.  Several  steps  were  made  in  this  quarter  to  improve  the 
reproducibility  of  Rs  from  wafer  to  wafer  and  thickness  uniformity  across  a  wafer. 
The  improved  performance  reported  last  quarter  for  YBCO  targets  has 
continued.  The  vendor  of  YBCO  targets,  SSC  Inc.,  has  eliminated  the 
inhomogeneities  from  targets  that  can  cause  the  plasma  to  concentrate  at  a 
particular  point  on  the  target’s  surface  and  bum  a  hole  through  the  target.  This 
permitted  us  to  focus  on  control  of  wafer  temperature  and  oxygen  pressure. 
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which  together  determine  the  optimum  growth  location  on  the  oxygen  phase 
diagram  of  YBCO  (shown  in  Figure  8  of  Status  Report  #10).  At  issue  is  whether 
a  post-anneal  in  a  tube  furnace  is  required  to  reproducibly  obtain  the  target 
combination  of  oxygen  partial  pressure  and  temperature  or  whether  it  can  be 
obtained  during  growth  despite  heat  from  the  film  surface  radiating  into  the  large 
volume  of  the  growth  chamber.  The  indication  from  rf  surface  resistance 
measurements  on  the  last  1 5  films  grown  in  the  reporting  period  is  that  the  extra 
annealing  step  is  not  required.  However,  since  the  surface  resistance 
measurement  is  non-destructive,  we  will  continue  to  measure  every  film  before 
patterning  devices. 

Film  thickness  requirements  are  relative  to  the  penetration  depth  of  c-axis- 
oriented  YBCO  at  77K  of  approximately  300  nm.  To  obtain  1 .5  times  the 
penetration  depth  -  450  nm  thick  -  at  the  edge  of  a  2”  wafer,  we  had  to  deposit  to 
a  thickness  of  600  nm  at  the  center.  We  have  found  that  the  height  of  a  lip  in  the 
substrate  heater  that  shields  the  edge  of  the  wafer  and  holds  it  in  place  is 
responsible  for  the  thickness  non-uniformity.  A  flat  substrate  holder  was 
designed  and  will  be  put  into  service  at  the  start  of  the  new  quarter.  The 
thickness  profile  obtained  with  the  present  holder  is  shown  in  Figure  15. 

Although  this  films  are  thinner  than  those  used  for  microwave  devices,  this  figure 
shows  that  the  thickness  profile  is  independent  of  the  material  being  sputtered. 

A  new  sputtering  chamber  built  to  a  Westinghouse  design  by  Nordiko  Ltd., 
which  can  accommodate  2,  3,  or  4-inch  wafers,  became  fully  operational  during 
the  previous  quarter.  Its  operation  had  been  delayed  by  overheating  of  vacuum 
seals  during  long  deposition  sequencco.  Nordiko’s  latest  modifications  were 
successful  in  giving  us  a  leak-tight  system  that  can  withstand  the  heat  toad 
Imposed  on  it.  The  first  three  films  grown  in  the  new  chamber  —  on  2”  wafers  — 
had  R8(77K,  10  GHz)  <  1  mil  (although  corrections  for  film  thickness  less  than  a 
penetration  depth  had  to  be  made  for  two  oi  them).  During  this  quarter, 
experiments  were  performed  to  increase  the  deposition  rate.  The  rate  is 
sufficient  to  proceed  to  growth  on  larger  wafers. 
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Distnace  from  Edge  of  2"  Wafer  (inches) 


Figure  15.  The  thickness  profile  obtained  with  the  present  holder  for  2”  diameter 
substrates.  Although  these  films  are  thinner  than  those  used  for 
microwave  devices,  this  figure  shows  that  the  thickness  profile  is 
independent  of  the  material  being  sputtered 


TASK  3.2:  MOCVO  MULTILAYER  FILM  FABRICATION 

The  rf  surface  resistance  of  YBCO  films  deposited  by  MOCVD  on  both 
sides  of  2”  diameter  by  0.020”  thick  substrates  was  measured  at  Westinghouse. 
The  indication  from  these  measurements  is  that  Emcore  can  meet  the 
requirements  for  microwave  device  fabrication  with  every  film.  However,  for 
MOCVD  films  to  be  used  in  the  EW  demonstration,  we  need  to  show  that  the 
same  film  quality  can  be  obtained  on  0.010”  thick  wafers.  Emcore  is  behind 
schedule  in  delivering  test  wafers  on  these  thinner  substrates. 

The  Ba-thd  precursor  used  at  Emcore  for  all  YBCO  films  grown  during  the 
quarter  was  supplied  by  Northwestern  University.  Emcore  will  not  start  their 
evaluation  of  the  new  more-volatile  precursors,  bis(tri-butylcyclo- 
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pentadienyl)barium,  (CptBu3)2Ba,  and  bis(di-butylcyclo-pentadienyl)barium, 
(CptBu2)2Ba  until  a  backlog  of  double-sided  2"  x  0.010”  wafers  is  produced  and 
a  low-Rs  3”  film  is  demonstrated. 

Work  at  Northwestern  University  has  shifted  to  liquid  precursors  which 
offer  better  long-term  vapor-pressure  stability  simply  by  maintaining  a  constant 
surface  area  as  they  sublime.  The  results  of  using  b-diketonate  poiyglyme 
ligands  to  coordinate  the  Ba  ions  have  been  published  in  the  journal,  Chemistry 
of  Materials.  The  compound,  BaCF3CF3(CAP-3),  has  been  found  to  sublime  at 
150°C  and  1 0  ®  torr  without  decomposition.  Crystals  were  grown  of  the 
compound  so  the  crystal  structure  could  be  determined.  The  structure 
determined  by  x-ray  diffraction  is  shown  in  Figure  16.  A  molecule  of  DMSO 
solvent  is  coordinated  at  each  of  the  two  sulfur  ions.  In  the  coming  quarter, 
BaPbOs  films  will  be  grown  at  Northwestern  to  complete  their  evaluation  of  this 
precursor  before  testing  it  with  YBCO  growth  at  Emcore. 

TASK  3.3:  RF  CHARACTERIZATION  OF  FILM  PROPERTIES 

RF  surface  resistance  measurements  were  made  during  the  quarter  on  a 
total  of  76  YBCO  films  on  2-inch  wafers  for  a  rate  of  approximately  six  per  week. 
Measurements  were  used  either  to  ensure  that  sputtered  films  were  qualified  for 
device  fabrication  or  to  evaluate  films  made  by  MOCVD  at  Emcore. 

The  standard  measurement  of  Rs  employs  a  dielectric  resonator  with  a 
reference  YBCO  film  on  a  2”  wafer  and  a  film  to  be  measured.  Two  such 
resonators  are  in  use  with  reference  films  having  Rs(77K,  10  GHz)  =  0.55  ±  0.04 
mW  and  0.49  ±  0.04  mW,  respectively.  A  similar  accuracy  is  expected  for  low-Rs 
films  (=0.5  mW)  and  better  accuracy  for  higher-Rs  films  since  losses  from  the 
reference  film  become  less  significant. 
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Figure  16.  The  structure  of  the  Ba  precursor  compound,  BaCF3CF3(CAP-3). 
based  on  x-ray  diffraction  measurements  of  a  single  crystal.  A 
molecular  of  DMSO  solvent  is  coordinated  at  each  of  the  two  sulfur 
ions.  This  compound  has  been  found  to  sublime  at  ISO^C  and  10*^ 
torr  without  decomposition. 


TASK  5.0:  SWITCHED  FILTERBANK 


In  this  reporting  period  the  fabrication  of  a  wafer  lot  with  several  switch 
designs  began.  The  lot  comprised  eight  GaAs  wafers,  four  of  which  had  a 
suitable  AIGaAs  etch-stop  layer  for  the  fabrication  of  the  etch-back  FET 
switches.  As  mentioned  in  our  last  report,  several  switch  designs  were  included 
which  used  normal  FETs.  This  was  done  in  order  to  make  direct  comparisons 
with  etch-back  FET  switches  and  establish  their  advantages.  A  diagram  showing 
the  distribution  of  switch  design  patters  on  a  wafer  is  given  in  Figure  17.  Each 
rectangle  labeled  6735  represents  a  reticle  of  switch  designs  and  process  control 
test  patterns.  The  reticle  size  is  9600  pm  by  8500  pm.  The  reticle  is  stepped  off 
as  a  7  by  7  rectangular  array,  with  8  reticles  near  the  comers  of  the  array 
deleted.  Thus,  the  total  number  of  reticle  sites  on  the  wafer  is  41 .  The  devices 
in  each  reticle  are  given  a  row  and  column  identification  label.  The  (1,1)  site  is  in 
the  upper  left  comer  of  the  array. 

Figure  18  is  a  photograph  of  the  reticle  showing  its  layout.  The  reticle  is  a 
3  by  5  array  of  device  dies.  Each  die  site  is  3200  pm  by  1700  pm.  The  length  of 
the  switch  from  the  RF  input  to  the  RF  output  is  3000  pm.  The  width  of  the 
switch  from  the  DC  ground  via  to  the  -5  V/0  V  DC  switch  control  signal  pad  is 
1500  pm.  The  scribe  lane  is  wider  than  usual  (200  pm  vs.  100  pm)  to  allow  room 
for  a  dicing  saw  blade.  The  RF  input  and  output  bonding  pads  are  flanked  by 
grounded  pads  to  create  a  ground-signal-ground  footprint  for  RF  wafer  probing 
equipment.  The  RF  pads  are  125  pm  squares  on  170  pm  center-to-center 
spacing.  The  DC  bond  pads  are  200  pm  squares.  A  typical  switch  device  was 
shown  schematically  in  our  Quarterly  Report  No.  10. 

The  top  two  die  sites  in  the  first  column  of  the  reticle  contain  alignment 
marks  and  test  patterns  that  can  be  measured  several  times  during  the  switch 
process  flow.  The  process  control  monitor  (PCM)  measurements  are  made  on  a 
DC  automatic  wafer  probe  station.  There  are  also  test  FETs  for  RF 
measurement  of  Ron  and  Cott.  The  RF  measurements  are  made  when  the  wafers 
have  completed  topside  processing,  that  is,  before  lapping  to  their  final  100  pm 
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Figure  1 7  GaAs  wafer  map  showing  the  reticle  distribution.  The  same  reticle  is 
stepped  throughout  the  wafer  as  shown.  A  reticle  contains  12  switch 
designs  as  well  as  various  test  patterns. 
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Ficjuro  18  Photograph  of  a  fabricated  roticlo  from  a  “conventional"  wafer  (i.e.  no 
^  otch-back  FETg). 
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thickness  and  before  the  ground  vias  fabrication  or  backside  metallization.  The 
RF  wafer  probe  measurements  are  made  on  a  different  station  from  the  DC 
wafer  probe  measurements.  The  DC  test  signal  can  be  brought  down  to  the 
PCM  pads  with  flexible  needle  probes.  The  RF  test  signals  have  to  be 
transmitted  through  special  probe  heads. 

Besides  the  two  sites  of  the  reticle  described  above,  the  other  sites  are 
occupied  by  switch  designs  except  for  one  site  that  is  simply  an  RF  through  (i.e., 
a  50  ohm  line  connecting  the  input  and  output).  It  is  worth  noting  that  in  the 
bottom  right  comer  of  the  reticle  there  is  an  isolation  test  pattern  (i.e.  input  and 
output  pads  without  any  connection  between  them).  The  12  switch  designs  are 
summarized  in  Table  1 . 

The  fabrication  lot  is  composed  of  eight  wafers.  The  lot  identification 
number  is  1562.  The  first  three  wafers  (namely  1562-1, 1562-2,  and  1562-3)  are 
conventional  switch  profile  wafers.  The  conventional  profile  wafers  do  not  have 
membranes  beneath  the  FETs.  The  other  five  wafers  in  the  lot  have  an  etch 
stop  layer  that  allows  the  membranes  to  be  formed. 

The  status  of  the  lot  is: 

(a)  1 562-3  was  broken  and  scrapped. 

(b)  1 562-5  was  incorrectly  processed  at  the  air  bridge  fabrication  step.  The 
error  was  corrected  but  this  wafer  is  not  expected  to  be  as  good  as  the 
others. 

(c)  1562-1 , 2  have  completed  processing  and  some  RF  measurements 
have  been  made  on  certain  devices.  See  below. 

(d)  1562-4,  5,  6,  7,  8  are  ready  for  etching  the  membranes. 

(e)  An  experiment  was  performed  on  a  blank  wafer  to  test  the  membrane 
process.  The  resulting  vent  lines  were  wider  than  desired.  There  was 
also  a  problem  with  the  alignment  marks.  This  mask  level  was  modified 
to  correct  these  problems.  Wafer  1562-5  will  be  used  first  to  test  this 
process  (see  item  (b)). 

Tests  performed  to  date  on  the  processed  wafers  are  quite  encouraging 
and  close  to  our  design  goals.  Figure  19  is  a  plot  of  Ron  vs.  Coh  made  with  data 
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Figure  19.  Ron  vs.  Cotf  plot  from  data  taken  on  seven  wafers  after  completion  of 
top  side  processing.  Design  goals  were  Ron  =  1  -8  D  and  Coff  - 
0.26  pF. 
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taken  at  room  temperature  on  the  test  FETs  of  seven  wafers  after  all  the  top  side 
processing  was  completed.  The  design  goals  were  Ron  =  1  -8  Q  and 
Cotf  =  0.26  pF.  After  etching  the  FET  backs,  Coit  is  expected  to  be  reduced  by 
half.  As  can  be  seen,  good  agreement  with  the  design  goal  was  obtained. 

Measurements  at  room  temperature  were  made  on  the  conventional 
switch  profile  wafers  (i.e.  wafers  1562-1  and  1562-2).  In  particular,  device 
number  2,  shown  in  Figure  20,  yielded  excellent  results  as  summarized  in 
Figure  21  for  wafer  1 562-1 .  Similar  results  were  obtained  for  Wafer  1 562-2. 


Table  1  -  Etched-Back  FET  Switch  L673S 
Summary  of  Deaigna  on  Reticle 


Label  on  Die 

FET  Gates^^’ 

“Shape^ 

Features 

1 

6X100 

IM 

Nominal  design 

2 

6X50 

1C 

Nominal  design 

3 

6X100 

UM 

Nominal  design 

4 

6X50 

UC 

Nominal  design 

5 

6X100 

IM 

Source  via  moved  away  from  membrane 

gW) 

Label  number  not  used'*’ 

7 

6X100 

UM 

Source  via  moved  away  from  membrane 

8(4) 

Label  number  not  used'*’ 

gO) 

6X135,  6X80 

UM 

High  isolation  design 

10<"’ 

6X57,  6X40 

UC 

High  isolation  design 

11(3) 

6X70,  6X55 

UM 

Low  insertion  loss  design 

12(3) 

6X35,  6X27 

UC 

Low  insertion  loss  design 

13 

2X280 

IM 

Etch  pit  divided  into  two  section,  above 

and  below  transmission  line 

14(4) 

Label  number  not  used'*’ 

15 

2X280 

UM 

Same  as  13 

Notes: 

(1)  6x100  means  six  gates  approximately  one  hundred  microns  wide.  Gate  length  is  0.5  pm 

(2)  Design  shapes: 

I  transmission  lines  form  straight  path. 

U  transmission  lines  form  U-shape. 

M  membranes  under  FET. 

C  no  membranes  under  FET. 

(3)  Designs  9  through  1 2  use  two  types  of  FET 

(4)  Some  dies  on  the  reticle  have  test  patterns  that  were  not  given  label  numbers 
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Figure  20,  Layout  of  Device  No.  2,  which  has  conventional  FETs. 
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“Normal”  FET  Switches  at  300  K 


Wafer  1562-1 
Device  2 


Kay:  Inaartlon  Loam  (dB)  e  10  GHz 
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Figure  21 .  Room  temperature  insertion  loss  and  isolation  for  Device  No.  2  of 
wafer  1562-1  at  10  GHz  showing  excellent  agreement  with  design 
goals. 
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APPENDIX 


Background. 

The  future  use  of  high  temperature  superconductors  (HTS)  that  operate  at  liquid  nitrogen  temperatures  {IV  Kelvin) 
will  be  driven  by  the  perceived  difficulties  associated  with  cryogenic  refrigeration,  the  advances  being  made  in  low  noise 
figure  conventional  devices,  and  the  identified  performance  advantages  of  High  Temperature  Superconducting  (HTS)  devices. 
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improvement  for  various  system  configurations.  When  all  HTS  components  were  inserted  and  the  non  HTS  components 
cooled  (see  Everything  in  the  table  below)  the  system  sensitivity  improved  5. 1-6.1  dB  and  the  two  tone  dynamic  range 
increased  3.7-S.2  dB  compared  to  the  system  using  today's  technology.  The  results  below  and  the  steps  taken  to  obtain  them 
are  described  in  detail  in  the  rest  of  this  report. 
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A  typical  ESM  system  has  a  four  or  five  element  interferometer  array  with  short  phased  matched  cables  (5  feet  or  less)  to 
OHinect  the  array  to  the  RF  front-end's.  The  RF  front-end  has  a  Bit/Cal  insertion  switch  at  the  input  (couplers  are  also  used  in 
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Typical  ESM  System 


ESM  -  FIRST  RUN 


DATE: 04-06-1994  TIME*08 ; 24 : 20 


NAME 

t 

COMPONENTS 

TOTALS 

RECEIVERS 

GAIN 

NF 

IP3 

GAIN 

NF 

IP3  NOISE 

2TDR 

SENS 

(dB) 

(dB) 

(dBm) 

(dB) 

(dB) 

(dBm) (dBm/MHz) (dB) 

(dBm) 

1. 

ANT  CABLE 

-1.0 

1.0 

99.0 

-1.0 

1.0 

99.0  -114.0 

n/a 

n/a 

2. 

PRONT-END 

10.0 

8.0 

25.0 

9.0 

9.0 

25.0  -96.0 

n/a 

n/a 

-BIT  SWITCH 

-1.5 

1.5 

40.0 

-1.5 

1.5 

40.0  -114.0 

n/a 

n/a 

-QUADPLXR 

-1.0 

1.0 

99.0 

-2.5 

2.5 

39.0  -114.0 

n/a 

n/a 

-SP4T 

-2.5 

2.5 

40.0 

-5.0 

5.0 

34.9  -114.0 

n/a 

n/a 

-RF  AMPL 

15.0 

3.0 

25.0 

10.0 

8.0 

25.0  -96.0 

n/a 

n/a 

3. 

FREQ  CONV 

7.0 

11.0 

26.5 

16.0 

9.7 

25.4  -88.3 

n/a 

n/a 

-MIXER 

-7.0 

7.0 

15.0 

-7.0 

7.0 

15.0  -114.0 

n/a 

n/a 

-BPF 

-1.0 

1.0 

99.0 

-8.0 

8.0 

14.0  -114.0 

n/a 

n/a 

-IF  AMPL 

15.0 

3.0 

30.0 

7.0 

11.0 

26.5  -96.0 

n/a 

n/a 

4. 

LONG  RUN 

-10.0 

10.0 

99.0 

6.0 

9.8 

15.4  -98.2 

n/a 

n/a 

5. 

IF  AMP 

15.0 

3.0 

30.0 

21.0 

9.9 

27,2  -83.1 

n/a 

n/a 

6. 

PWR  SPLIT 

-3.5 

3.5 

99.0 

17.5 

10.0 

23.7  -86.5 

n/a 

n/a 

7. 

,  Divider 

n/a 

n/a 

n/a 

17.5 

10.0 

23.7  n/a 

n/a 

n/a 

8. 

,  CHANNELZR 

3.5 

5.1 

15.0 

21.0 

10.0 

14.7  -83.0 

44.8 

-73.4 

(  BWrf»  100.0 

,BWv» 

20.0 

,TSSd»- 

65.0  ,BWdet» 

20.0  ,Eq®=Linear  ,SNR»=  14  ) 

-IF  CABLE 

-1.5 

1.5 

99.0 

-1.5 

1.5 

99.0  -114,0 

n/a 

n/a 

-AMPLIFIER 

20.0 

3.0 

30.0 

18.5 

4.5 

30.0  -91.0 

n/a 

n/a 

-FILTERBNK 

-15.0 

15.0 

99.0 

3.5 

5.1 

15.0  -105.4 

n/a 

n/a 

-SDLVA 

0.0 

0.0 

99.0 

3.5 

5.1 

15.0  -105.4 

49.3 

-62.4 

9. 

.  DELAY  LINE 

0.0 

23.0 

27.0 

17.5 

11.3 

22.0  -85.2 

n/a 

n/a 

-100  NSEC 

-17.0 

17.0 

99.0 

-17.0 

17.0 

99.0  -114.0 

n/a 

n/a 

-1ST  AMP 

17.0 

3.0 

30.0 

0.0 

20.0 

30.0  -94.0 

n/a 

n/a 

-100  NSEC 

-17.0 

17.0 

99.0 

-17.0 

21.7 

13.0  -109.3 

n/a 

n/a 

-2ND  AMP 

17.0 

3.0 

30.0 

0.0 

23.0 

27.0  -91.0 

n/a 

n/a 

10. 

.  NB  RCVR 

4.5 

16.5 

22.0 

22.0 

11.5 

20.7  -80.5 

47.1 

-72.0 

(  BWrf-  100.0 

,BWv- 

20.0 

,TSSd— 

•65.0  ,BWdet- 

20.0  ,Eq»Linear  ,SNR=  14  ) 

-IF  COAX 

-1.5 

1.5 

99.0 

-1.5 

1.5 

99.0  -114.0 

n/a 

n/a 

-1ST  MIXER 

-7.0 

7.0 

15.0 

-8.5 

8.5 

15.0  -114.0 

n/a 

n/a 

-BPF 

-1.0 

1.0 

99.0 

-9.5 

9.5 

14.0  -114.0 

n/a 

n/a 

-1ST  IF 

11.0 

5.3 

30.0 

1.5 

14.8 

23.8  -97.7 

n/a 

n/a 

-2MD  MIXER 

-7.0 

7.0 

15.0 

-5.5 

15.2 

12.8  -104.3 

n/a 

n/a 

-BPF 

-1.0 

1.0 

99.0 

-6.5 

15.3 

11.8  -105.2 

n/a 

n/a 

-2ND  IP 

11.0 

5.3 

30.0 

4.5 

16.5 

22.0  -93.0 

n/a 

n/a 

-DLVA 

0.0 

0.0 

99.0 

4.5 

16.5 

22.0  -93.0 

53.4 
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expanded  vemon  of  the  Frequency  Converter  box  is  shown  below  in  the  ADRATS  format. 
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ESM  -  2ND  RUN 


DATE: 04-06-1994 
NAME 


1.  ANT  CABLE 

2.  FRONT-END 
-BIT  SWITCH 
-QUADPLXR 
-SP4T 

-RF  AMPL 

3.  FREQ  CONV 
-MIXER 
-BPF 

-IF  AMPL 

4.  LONG  RUM 

5.  IP  AMP 

6.  PWR  SPLIT 

7.  Divider 

8.  CHANNELZR 

(  BWrf=  100.0 

-IF  CABLE 
-AMPLIFIER 
-FILTERBNK 
-SDLVA 


9.  DELAY  LINE 
-100  NSEC 
-1ST  AMP 
-100  NSEC 
-2MD  AMP 


10.  NB  RCVR 

(  BWrf=  100.0 

-IF  COAX 
-1ST  MIXER 
-BPF 
-1ST  IF 
-2ND  MIXER 
-BPF 
-2ND  IF 
-DLVA 


TIME-12: 25: 01 

J 

COMPONENTS  TOTALS  RECEIVERS 


GAIN 

NF 

IP3 

GAIN 

NF 

IP3  NOISE 

2TDR 

SENS 

(dB) 

(dB) 

(dBo) 

(dB) 

(dB) 

(dBm) (dBm/MHz) (dB) 

(dBm) 

-1.0 

1.0 

99.0 

-1.0 

1.0 

99.0  -114.0 

n/a 

n/a 

10.0 

8.0 

25.0 

9.0 

9.0 

25.0  -96.0 

n/a 

n/a 

-1.5 

1.5 

40.0 

-1.5 

1.5 

40.0  -114.0 

n/a 

n/a 

-1.0 

1.0 

99.0 

-2.5 

2.5 

39.0  -114.0 

n/a 

n/a 

-2.5 

2.5 

40.0 

-5.0 

5.0 

34.9  -114.0 

n/a 

n/a 

15.0 

3.0 

25.0 

10.0 

8.0 

25.0  -96.0 

n/a 

n/a 

7.0 

11.0 

26.5 

16.0 

9.7 

25.4  -88.3 

n/a 

n/a 

-7.0 

7.0 

15.0 

-7.0 

7.0 

15.0  -114.0 

n/a 

n/a 

-1.0 

1.0 

99.0 

-8.0 

8.0 

14.0  -114.0 

n/a 

n/a 

15.0 

3.0 

30.0 

7.0 

11.0 

26.5  -96.0 

n/a 

n/a 

-10.0 

10.0 

99.0 

6.0 

9.8 

15.4  -98.2 

n/a 

n/a 

18.0 

3.0 

30.0 

24.0 

9.9 

28.4  -80.1 

n/a 

n/a 

-3.5 

3.5 

99.0 

20.5 

9.9 

24.9  -83.6 

n/a 

n/a 

n/a 

n/a 

n/a 

20.5 

9.9 

24.9  n/a 

n/a 

n/a 

-4.5 

7.4 

15.0 

16.0 

10.0 

13.9  -88.0 

46.8 

-72.3 

,BWv» 

20.0 

,TSSd*- 

>65.0  ,BWdet== 

20.0  ,Eqp Linear  ,SNR«  14 

-1.5 

1.5 

99.0 

-1.5 

1.5 

99.0  -114.0 

n/a 

n/a 

12.0 

3.0 

30.0 

10.5 

4.5 

30.0  -99.0 

n/a 

n/a 

-15.0 

15.0 

99.0 

-4.5 

7.4 

15.0  -111.1 

n/a 

n/a 

0.0 

0.0 

99.0 

-4.5 

7.4 

15.0  -111.1 

49.3 

-54.5 

0.0 

30.5 

27.0 

20.5 

13.0 

22.8 

-80.5 

n/a 

n/a 

-25.0 

25.0 

99.0 

-25.0 

25.0 

99.0 

-114.0 

n/a 

n/a 

25.0 

2.5 

30.0 

0.0 

27.5 

30.0 

-86.5 

n/a 

n/a 

-25.0 

25.0 

99.0 

-25.0 

29.4 

5.0 

-109.6 

n/a 

n/a 

25.0 

2.5 

30.0 

0.0 

30.5 

27.0 

-83.5 

n/a 

n/a 

4.5 

16.5 

22.0 

25.0 

13.1 

20.9  -75.9 

44.3 

-70.5 

,BWv= 

20.0 

,TSSd»- 

>65.0  ,BWdet» 

20.0  ,Eq=»Linear  ,SNR= 

=  14 

-1.5 

1.5 

99.0 

-1.5 

1.5 

99.0  -114.0 

n/a 

n/a 

-7.0 

7.0 

15.0 

-8.5 

8.5 

15.0  -114.0 

n/a 

n/a 

-1.0 

1.0 

99.0 

-9.5 

9.5 

14.0  -114.0 

n/a 

n/a 

11.0 

5.3 

30.0 

1.5 

14.8 

23.8  -97.7 

n/a 

n/a 

-7.0 

7.0 

15.0 

-5.5 

15.2 

12.8  -104.3 

n/a 

n/a 

-1.0 

1.0 

99.0 

-6.5 

15.3 

11.8  -105.2 

n/a 

n/a 

11.0 

5.3 

30.0 

4.5 

16.5 

22.0  -93.0 

n/a 

n/a 

0.0 

0.0 

99.0 

4.5 

16.5 

22.0  -93.0 

53.4  ■ 

-62.6 
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ESM  -  3RD  RUN 


DATE: 04-13-1994  ^  TIME*10 : 27 : 00 


NAME 

COMPONENTS 

TOTALS 

RECEIVERS 

GAIN 

NF 

IP3 

GAIN 

NF 

IP3  NOISE 

2TDR 

SENS 

(dB) 

(dB) 

(dBm) 

(dB) 

(dB) 

(dBm) (dBm/MHz) (dB) 

(dBm) 

1. 

ANT  CABLE 

-1.0 

1.0 

99.0 

-1.0 

1.0 

99.0  -114.0 

n/a 

n/a 

2. 

FRONT-END 

10.0 

8.0 

25.0 

9.0 

9.0 

25.0  -96.0 

n/a 

n/a 

-BIT  SWITCH 

-1.5 

1.5 

40.0 

-1.5 

1.5 

40.0  -114.0 

n/a 

n/a 

-QUADPLXR 

-1.0 

1.0 

99.0 

-2.5 

2.5 

39.0  -114.0 

n/a 

n/a 

-SP4T 

-2.5 

2.5 

40.0 

-5.0 

5.0 

34.9  -114.0 

n/a 

n/a 

-RF  AMPL 

15.0 

3.0 

25.0 

10.0 

8.0 

25.0  -96.0 

n/a 

n/a 

3. 

,  FREQ  CONV 

7.0 

11.0 

26.5 

16.0 

9.7 

25.4  -88.3 

n/a 

n/a 

-MIXER 

-7.0 

7.0 

15.0 

-7.0 

7.0 

15.0  -114.0 

n/a 

n/a 

-BPF 

-1.0 

1.0 

99.0 

-8.0 

8.0 

14.0  -114.0 

n/a 

n/a 

-IF  AMPL 

15.0 

3.0 

30.0 

7.0 

11.0 

26.5  -96.0 

n/a 

n/a 

4. 

.  LONG  RUN 

-10.0 

10.0 

99.0 

6.0 

9.8 

15.4  -98.2 

n/a 

n/a 

5.  IP  AMP 

22.0 

3.0 

30.0 

28.0 

9.9 

29.3  -76.1 

n/a 

n/a 

6. 

.  PWR  SPLIT 

-3.5 

3.5 

99.0 

24.5 

9.9 

25.8  -79.6 

n/a 

n/a 

7. 

.  Divider 

n/a 

n/a 

n/a 

24.5 

9.9 

25.8  n/a 

n/a 

n/a 

8 

.  CHANNEL2R 

-8.5 

10.2 

15.0 

16.0 

10.0 

13.0  -88.0 

46.2 

-72.3 

(  BWrf «  100 . 0 

,BWV* 

20.0 

,TSSd*- 

•65.0  ^BWdet* 

20.0  ,Eq“Linear  ,SNR=  14 

-IF  CABLE 

-1.5 

1.5 

99.0 

-1.5 

1.5 

99.0  -114.0 

n/a 

n/a 

-AMPLIFIER 

8.0 

4.0 

30.0 

6.5 

5.5 

30.0  -102.0 

n/a 

n/a 

-FILTERBNK 

-15.0 

15.0 

99.0 

-8.5 

10.2 

15.0  -112.3 

n/a 

n/a 

-SDLVA 

0.0 

0.0 

99.0 

-8.5 

10.2 

15,0  -112.3 

49.3 

-50.5 

DELAY  LINE 

0.0 

30.5 

27.0 

24.5 

11.4 

23.3  -78.1 

n/a 

n/a 

-100  NSEC 

-25.0 

25.0 

99.0 

-25.0 

25.0 

99.0  -114.0 

n/a 

n/a 

-1ST  AMP 

25.0 

2.5 

30.0 

0.0 

27.5 

30.0  -86.5 

n/a 

n/a 

-100  NSEC 

-25.0 

25.0 

99.0 

-25.0 

29.4 

5.0  -109.6 

n/a 

n/a 

-2ND  AMP 

25.0 

2.5 

30.0 

0.0 

30.5 

27.0  -83.5 

n/a 

n/a 

NB  RCVR 

4.5 

16.5 

22.0 

29.0 

11.5 

21.0  -73.5 

42.8 

-72.1 

(  BWrf»  100.0 

,BWV» 

20.0 

,TSSd=- 

■65.0  ,BWdet* 

20.0  ,Eq*Linear  ,SNR 

*  14 

-IF  COAX 

-1.5 

1.5 

99.0 

-1.5 

1.5 

99.0  -114.0 

n/a 

n/a 

-1ST  MIXER 

-7.0 

7.0 

15.0 

-8.5 

8.5 

15.0  -114.0 

n/a 

n/a 

-BPF 

-1.0 

1.0 

99.0 

-9.5 

9.5 

14.0  -114.0 

n/a 

n/a 

-1ST  IP 

11.0 

5.3 

30.0 

1.5 

14.8 

23.8  -97.7 

n/a 

n/a 

-2ND  MIXER 

-7.0 

7.0 

15.0 

-5.5 

15.2 

12.8  -104.3 

n/a 

n/a 

-BPF 

-1.0 

1.0 

99.0 

-6.5 

15.3 

11.8  -105.2 

n/a 

n/a 

-2ND  IF 

11.0 

5.3 

30.0 

4.5 

16.5 

22.0  -93.0 

n/a 

n/a 

-DLVA 

0.0 

0.0 

99.0 

4.5 

16.5 

22.0  -93.0 

53.4 

-62.6 

ESH3R0.RFH 


cs 

cn 


ESN  -  CHANNELIZER  THREAD 


DATE; 04-26-1994  TIME=10: 17 : 49 


NAME 

COMPONENTS 

TOTALS 

RECEIVERS 

GAIN 

NF 

IP3 

GAIN 

NF 

IP3 

NOISE 

2TDR 

SENS 

(dB) 

(dB) 

(dBm) 

(dB) 

(dB) 

(dBm) (dBm/MHz) (dB) 

(dBm) 

1. 

ANT  CABLE 

-1.0 

1.0 

99.0 

-1.0 

1.0 

99.0 

-114.0 

n/a 

n/a 

2. 

FRONT-END 

10.0 

8.0 

25.0 

9.0 

9.0 

25.0 

-96.0 

n/a 

n/a 

-BIT  SWITCH 

-1.5 

1.5 

40.0 

-1.5 

1.5 

40.0 

-114.0 

n/a 

n/a 

-QUADPLXR 

-1.0 

1.0 

99.0 

-2.5 

2.5 

39.0 

-114.0 

n/a 

n/a 

-SP4T 

-2.5 

2.5 

40.0 

-5.0 

5.0 

34.9 

-114.0 

n/a 

n/a 

-RF  AMPL 

15.0 

3.0 

25.0 

10.0 

8.0 

25.0 

-96.0 

n/a 

n/a 

3. 

.  FREQ  CONV 

7.0 

11.0 

26.5 

16.0 

9.7 

25.4 

-88.3 

n/a 

n/a 

-MIXER 

-7.0 

7.0 

15.0 

-7.0 

7.0 

15.0 

-114.0 

n/a 

n/a 

-BPF 

-1.0 

1.0 

99.0 

-8.0 

8.0 

14.0 

-114.0 

n/a 

n/a 

-IF  AMPL 

15.0 

3.0 

30.0 

7.0 

11.0 

26.5 

-96.0 

n/a 

n/a 

4. 

.  LONG  Rinf 

-10.0 

10.0 

99.0 

6.0 

9.8 

15.4 

-98.2 

n/a 

n/a 

5, 

.  IF  AMP 

18.0 

3.0 

30.0 

24.0 

9.9 

28.4 

-80.1 

n/a 

n/a 

6 

.  PWR  SPLIT 

-3.5 

3.5 

99.0 

20.5 

9.9 

24.9 

-83.6 

n/a 

n/a 

7 

.  CHANNELZR 

-4.5 

7.4 

15.0 

16.0 

10.0 

13.9 

-88.0 

46.8 

-72.3 

(  BWrf=»  100 . 0 

,BWv* 

20.0 

,TSSd=-65.0  ,BWdet= 

20.0 

,Eq=Linear  ,SNR=  14 

-Coax 

-1.5 

1.5 

99.0 

-1.5 

1.5 

99.0 

-114.0 

n/a 

n/a 

-AMPLIFIER 

12.0 

3.0 

30.0 

10.5 

4.5 

30.0 

-99.0 

n/a 

n/a 

-FILTERBNK 

-15.0 

15.0 

99.0 

-4.5 

7.4 

15.0 

-111.1 

n/a 

n/a 

-SDLVA 

0.0 

0.0 

99.0 

-4.5 

7.4 

15.0 

-111.1 

49.3 

-54.5 

ESMCH.RFH 


CaiviCdB> 


Noirns  Fiour»(dB> 


Alp-  C  hoA^/t  c  I !  ^  P I  6 


IP3  in  dSM 


ESM  -  NBR  THREAD 


DATE: 04-06-1994  TIME»12 : 49 ; 09 


NAME  COMPONENTS  TOTALS  RECEIVERS 


GAIN 

NF 

IP3 

GAIN 

NF 

IP3 

NOISE 

2TDR 

SENS 

(<JB) 

(dB) 

(dBm) 

(dB) 

(dB) 

(dBm) (dBm/MHz) (dB) 

(dBm) 

1. 

,  ANT  CABLE 

-1.0 

1.0 

99.0 

-1.0 

1.0 

99.0 

-114.0 

n/a 

n/a 

2. 

,  FRONT-END 

10.0 

8.0 

25.0 

9.0 

9.0 

25.0 

-96.0 

n/a 

n/a 

-BIT  SWITCH 

-1.5 

1.5 

40.0 

-1.5 

1.5 

40.0 

-114.0 

n/a 

n/a 

-QUADPLXR 

-1.0 

1.0 

99.0 

-2.5 

2.5 

39.0 

-114.0 

n/a 

n/a 

-SP4T 

-2.5 

2.5 

40.0 

-5.0 

5.0 

34.9 

-114.0 

n/a 

n/a 

-RF  AMPL 

15.0 

3.0 

25.0 

10.0 

8.0 

25.0 

-96.0 

n/a 

n/a 

3. 

.  FREQ  CONV 

7.0 

11.0 

26.5 

16.0 

9.7 

25.4 

-88.3 

n/a 

n/a 

-MIXER 

-7.0 

7.0 

15.0 

-7.0 

7.0 

15.0 

-114.0 

n/a 

n/a 

-BPF 

-1.0 

1.0 

99.0 

-8.0 

8.0 

14.0 

-114.0 

n/a 

n/a 

-IF  AMPL 

15.0 

3.0 

30.0 

7.0 

11.0 

26.5 

-96.0 

n/a 

n/a 

4. 

,  LONG  RUM 

-10.0 

10.0 

99.0 

6.0 

9.8 

15.4 

-98.2 

n/a 

n/a 

5. 

.  IF  AMP 

18.0 

3.0 

30.0 

24.0 

9.9 

28.4 

-80.1 

n/a 

n/a 

6. 

.  PWR  SPLIT 

-3.5 

3.5 

99.0 

20.5 

9.9 

24.9 

-83.6 

n/a 

n/a 

7. 

.  DELAY  LINE 

0.0 

30.5 

27.0 

20.5 

13.0 

22.8 

-80.5 

n/a 

n/a 

-100  NSEC 

-25.0 

25.0 

99.0 

-25.0 

25.0 

99.0 

-114.0 

n/a 

n/a 

-1ST  AMP 

25.0 

2.5 

30.0 

0.0 

27.5 

30.0 

-86.5 

n/a 

n/a 

-100  NSEC 

-25.0 

25.0 

99.0 

-25.0 

29.4 

5.0 

-109.6 

n/a 

n/a 

-2ND  AMP 

25.0 

2.5 

30.0 

0.0 

30.5 

27.0 

-83.5 

n/a 

n/a 

8. 

.  NBR 

4.5 

16.5 

22.0 

25.0 

13.1 

20.9  -75.9 

44.2 

-70.5 

(  BWrf«  100.0 

,BWv* 

20.0 

,TSSd=-65.0  ,BWdet= 

20.0  ,Eq=Linear  ,SNR 

=  14 

-IF  COAX 

-1.5 

1.5 

99.0 

-1.5 

1.5 

99.0  -114.0 

n/a 

n/a 

-1ST  MIXER 

-7.0 

7.0 

15.0 

-8.5 

8.5 

15.0  -114.0 

n/a 

n/a 

-BPF 

-1.0 

1.0 

99.0 

-9.5 

9.5 

14.0  -114.0 

n/a 

n/a 

-1ST  IF 

11.0 

5.3 

30.0 

1.5 

14.8 

23.8  -97.7 

n/a 

n/a 

-2ND  MIXER 

-7.0 

7.0 

15.0 

-5.5 

15.2 

12.8  -104.3 

n/a 

n/a 

-BPF 

-1.0 

1.0 

30.0 

-6.5 

15.3 

11.7  -105.2 

n/a 

n/a 

-2ND  IF 

11.0 

5.3 

30.0 

4.5 

16.5 

22.0  -93.0 

n/a 

n/a 

-SDLVA 

0.0 

0.0 

99.0 

4.5 

16.5 

22.0  -93.0 

53.4 

-62.6 

ESHNBR.RFH 


C«in€dB> 


Nti/d  -  4/;/Ay 


The  impact  of  the  large  Delay  line  noise  figure  is  clearly  visible  by  the  large  step  of  3  dB  at  box  7  which  is  the  delay  line. 
Since  sensitivity  is  related  to  noise  Hguie,  it  is  also  apparent  that  the  delay  line  is  a  candidate  for  HTS  insertion. 


Nois»  Fittur»<dB> 


/\Jh  - 


Narrow  Band  Receiver  Thread  -  IP3 


•g  «= 


A  A 


IP3  in  dBM 


•-«n 


yF 


WBR 

2  to  18  GHz  (IFM) 

2  GHz  Steps  . 


Single  Site  Instantaneous  Direction  Finding  (IDF) 
(4  Channel  Interferometer) 


The  NBR  thread  poformance  of  the  reference  runs  (2nd  Run  and  3rd  Run)  were  both  greatly  influenced  by  the  high  noise 
figure  of  a  conventional  wrapped  coax  delay  line.  The  HTS  delay  line  with  a  loss  of  3.6  dB  and  a  NF  of  1.3  dB  has  significantly 
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DATE: 04-14-1994 
NAME 


1.  ANT  CABLE 

2.  FRONT-END 
-BIT  SWITCH 
-QUADPLXR 
-SP4T 

-RF  AMPL 

3.  FREQ  CONV 
-MIXER 
-BPF 

-IF  AMPL 

4.  LONG  RUN 

5.  IF  AMP 

6.  PWR  SPLIT 

7.  HTS  DELAY 
l-HTS  200NS 


8.  NBR 

(  BWrf*  100.0 

-IF  COAX 
-1ST  MIXER 
-BPF 
-1ST  IF 
-2ND  MIXER 
-BPF 
-2ND  IF 
-SDLVA 


NBR  -  HTS  DELAY  LINE  1 


TIME-12: 11: 18 

COMPONENTS  TOTALS  RECEIVERS 


GAIN 

NF 

IP3 

GAIN 

NF 

IP3 

NOISE 

2TDR 

SENS 

(dB) 

(dB) 

(dBm) 

(dB) 

(dB) 

(dBm) (dBm/MHz) (dB) 

(dBm) 

-1.0 

1.0 

99.0 

-1.0 

1.0 

99.0 

-114.0 

n/a 

n/a 

10.0 

8.0 

25.0 

9.0 

9.0 

25.0 

-96.0 

n/a 

n/a 

-1.5 

1.5 

40.0 

-1.5 

1.5 

40.0 

-114.0 

n/a 

n/a 

-1.0 

1.0 

99.0 

-2.5 

2.5 

39.0 

-114.0 

n/a 

n/a 

-2.5 

2.5 

40.0 

-5.0 

5.0 

34.9 

-114.0 

n/a 

n/a 

15.0 

3.0 

25.0 

10.0 

8.0 

25.0 

-96.0 

n/a 

n/a 

7.0 

11.0 

26.5 

16.0 

9.7 

25.4 

-88.3 

n/a 

n/a 

-7.0 

7.0 

15.0 

-7.0 

7.0 

15.0 

-114.0 

n/a 

n/a 

-1.0 

1.0 

99.0 

-8.0 

8.0 

14.0 

-114.0 

n/a 

n/a 

15.0 

3.0 

30.0 

7.0 

11.0 

26.5 

-96.0 

n/a 

n/a 

■10.0 

10.0 

99.0 

6.0 

9.8 

15.4 

-98.2 

n/a 

n/a 

18.0 

3.0 

30.0 

24.0 

9.9 

28.4 

-80.1 

n/a 

n/a 

-3.5 

3.5 

99.0 

20.5 

9.9 

24.9 

-83.6 

n/a 

n/a 

-3.6 

1.3 

40.0 

16.9 

10.0 

21.2 

-87.1 

n/a 

n/a 

-3.6 

1.3 

40.0 

-3.6 

1.3 

40.0 

-116.3 

n/a 

n/a 

4.5 

16.5 

22.0 

21.4 

10.3 

20.4  -82.3 

48.1 

-73.1 

BWv- 

20.0 

,TSSd»-65.0  ,BWdet» 

20.0  ,  Eg=«°Linear  ,  SNR 

=  14 

-1.5 

1.5 

99.0 

-1.5 

1.5 

99.0  -114.0 

n/a 

n/a 

-7.0 

7.0 

15.0 

-8.5 

8.5 

15.0  -114.0 

n/a 

n/a 

-1.0 

1.0 

99.0 

-9.5 

9.5 

14.0  -114.0 

n/a 

n/a 

11.0 

5.3 

30.0 

1.5 

14.8 

23.8  -97.7 

n/a 

n/a 

-7.0 

7.0 

15.0 

-5.5 

15.2 

12.8  -104.3 

n/a 

n/a 

-1.0 

1.0 

30.0 

-6.5 

15.3 

11.7  -105.2 

n/a 

n/a 

11.0 

5.3 

30.0 

4.5 

16.5 

22.0  -93.0 

n/a 

n/a 

0.0 

0.0 

99.0 

4.5 

16.5 

22.0  -93.0 

53.4 

-62.6 

ESMNBRdl . RFH 


NBR  -  HTS  Delay  Line  2  Insertion 

The  Delay  Une  2  results  are  for  the  reference  system  (2nd  Run  or  3rd  Run)  with  the  gain  distribution  made  to  account  for 
the  lower  loss  of  the  delay  line.  The  result  is  about  1  dB  less  sensitivity  than  the  delay  line  1  data  but  over  2  dB  increase  in 
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NBR  -  HTS  DEIAY  LINE  2 

DATE: 04-14-1994  TIME»12 : 26 ; 48 


name  components  totals  receivers 


GAIN 

NF 

IP3 

GAIN 

NF 

IP3 

NOISE 

2TDR 

SENS 

(dB) 

(dB) 

(dBm) 

(dB) 

(dB) 

(dBm) (dBm/MHz) (dB) 

(dBm) 

.  ANT  CABLE 

-1.0 

1.0 

99.0 

-1.0 

1.0 

99.0 

-114.0 

n/a 

n/a 

.  FRONT-END 

10.0 

8.0 

25.0 

9.0 

9.0 

25.0 

-96.0 

n/a 

n/a 

-BIT  SWITCH 

-1.5 

1,5 

40.0 

-1.5 

1.5 

40.0 

-114.0 

n/a 

n/a 

-QUADPLXR 

-1.0 

1.0 

99.0 

-2.5 

2.5 

39.0 

-114.0 

n/a 

n/a 

-SP4T 

-2.5 

2.5 

40.0 

-5.0 

5.0 

34.9 

-114.0 

n/a 

n/a 

-RF  AMPL 

15.0 

3.0 

25.0 

10.0 

8.0 

25.0 

-96.0 

n/a 

n/a 

.  FREQ  CONV 

7.0 

11.0 

26.5 

16.0 

9.7 

25.4 

-88.3 

n/a 

n/a 

-MIXER 

-7.0 

7.0 

15.0 

-7.0 

7.0 

15.0 

-114.0 

n/a 

n/a 

-BPF 

-1.0 

1.0 

99.0 

-8.0 

8.0 

14.0 

-114.0 

n/a 

n/a 

-IF  AMPL 

15.0 

3.0 

30.0 

7.0 

11.0 

26.5 

-96.0 

n/a 

n/a 

.  LONG  RUN 

-10.0 

10.0 

99.0 

6.0 

9.8 

15.4 

-98.2 

n/a 

n/a 

.  IF  AMP 

12.0 

3.0 

30.0 

18.0 

9.9 

25.5 

-86.1 

n/a 

n/a 

.  PWR  SPLIT 

-3.5 

3.5 

99.0 

14.5 

10.0 

22.0 

-89.5 

n/a 

n/a 

.  HTS  DELAY 

-3.6 

1.3 

40.0 

10.9 

10.0 

18.4 

-93.1 

n/a 

n/a 

l-HTS  200NS 

-3.6 

1.3 

40.0 

-3.6 

1.3 

40.0 

-116.3 

n/a 

n/a 

.  NBR 

6.5 

14.9 

23.0 

17.4 

10.9 

20.8 

-85.7 

50.3 

-72.1 

(  BWrf=  100.0 

,BWV« 

20.0 

,TSSd=- 

•65.0  ,BWdet» 

20.0 

Eq=Linear  ,SNR=  14 

-IF  COAX 

-1.5 

1.5 

99.0 

-1.5 

1.5 

99.0 

-114.0 

n/a 

n/a 

-1ST  MIXER 

-7.0 

7.0 

15.0 

-8.5 

8.5 

15.0 

-114.0 

n/a 

n/a 

-BPF 

-1.0 

1.0 

99.0 

-9.5 

9.5 

14.0 

-114.0 

n/a 

n/a 

-1ST  IF 

12.0 

4.0 

30.0 

2.5 

13.5 

24.5 

-98.0 

n/a 

n/a 

-2ND  MIXER 

-7.0 

7.0 

15.0 

-4.5 

13.9 

13.1 

-104.6 

n/a 

n/a 

-BPF 

-1.0 

1.0 

30.0 

-5.5 

14.0 

12.0 

-105.5 

n/a 

n/a 

-2ND  IF 

12.0 

4.0 

30.0 

6.5 

14.9 

23.0 

-92.6 

n/a 

n/a 

-SDLVA 

0.0 

0.0 

99.0 

6.5 

14.9 

23.0 

-92.6 

54.0 

-64.5 

ESMNBRdl.RFH 


NBR  -  HTS  DELAY  LINE  3 


DATE: 04-25-1994  TIME»14 : 32 : 14 


NAME 

COMPONENTS 

TOTALS 

RECEIVERS 

GAIN 

NF 

IP3 

GAIN 

NF 

IP3 

NOISE 

2TDR 

SENS 

(dB) 

(dB) 

(dBm) 

(dB) 

(dB) 

(dBm) (dBm/MHz) (dB) 

(dBm) 

1. 

,  ANT  CABLE 

-1.0 

1.0 

99.0 

-1.0 

1.0 

99.0 

-114.0 

n/a 

n/a 

2. 

.  FRONT-END 

10.0 

8.0 

25.0 

9.0 

9.0 

25.0 

-96.0 

n/a 

n/a 

-BIT  SWITCH 

-1.5 

1.5 

40.0 

-1.5 

1.5 

40.0 

-114.0 

n/a 

n/a 

-QUADPLXR 

-1.0 

1.0 

99.0 

-2.5 

2.5 

39.0 

-114.0 

n/a 

n/a 

-SP4T 

-2.5 

2.5 

40.0 

-5.0 

5.0 

34.9 

-114.0 

n/a 

n/a 

-RF  AMPL 

15.0 

3.0 

25.0 

10.0 

8.0 

25.0 

-96.0 

n/a 

n/a 

3. 

.  FREQ  CONV 

7.0 

11.0 

26.5 

16.0 

9.7 

25.4 

-88.3 

n/a 

n/a 

-MIXER 

-7.0 

7.0 

15.0 

-7.0 

7.0 

15.0 

-114.0 

n/a 

n/a 

-BPF 

-1.0 

1.0 

99.0 

-8.0 

8.0 

14.0 

-114.0 

n/a 

n/a 

-IF  AMPL 

15.0 

3.0 

30.0 

7.0 

11.0 

26.5 

-96.0 

n/a 

n/a 

4. 

.  LONG  RUN 

-10.0 

10.0 

99.0 

6.0 

9.8 

15.4 

-98.2 

n/a 

n/a 

5. 

.  IF  AMP 

16.0 

3.0 

30.0 

22.0 

9.9 

27.6 

-82.1 

n/a 

n/a 

6. 

.  PWR  SPLIT 

-3.5 

3.5 

99.0 

18.5 

10.0 

24.1 

-85.5 

n/a 

n/a 

7. 

,  HTS  DELAY 

-1.0 

11.7 

29.9 

17.5 

10.0 

22.3 

-86.5 

n/a 

n/a 

-HTS  200NS 

-9.0 

4.5 

40.0 

-9.0 

4.5 

40.0 

-118.5 

n/a 

n/a 

-Gain 

8.0 

4.0 

30.0 

-1.0 

11.7 

29.9 

-103.3 

n/a 

n/a 

8. 

.  NBR 

4.5 

16.5 

22.0 

22.0 

10.4 

20.7  -81.6 

47.9 

-73.1 

(  BWrf=  100.0 

,BWv» 

20.0 

,TSSd*-65.0  ,BWdet= 

20.0  , EgsLinear  , SNR 

=  14 

-IF  COAX 

-1.5 

1.5 

99.0 

-1.5 

1.5 

99.0  -114.0 

n/a 

n/a 

-1ST  MIXER 

-7.0 

7.0 

15.0 

-8.5 

8.5 

15.0  -114.0 

n/a 

n/a 

-BPF 

-1.0 

1.0 

99.0 

-9.5 

9.5 

14.0  -114.0 

n/a 

n/a 

-1ST  IF 

11.0 

5.3 

30.0 

1.5 

14.8 

23.8  -97.7 

n/a 

n/a 

-2ND  MIXER 

-7.0 

7.0 

15.0 

-5.5 

15.2 

12.8  -104.3 

n/a 

n/a 

-BPF 

-1.0 

1.0 

30.0 

-6.5 

15.3 

11.7  -105.2 

n/a 

n/a 

-2ND  IF 

11.0 

5.3 

30.0 

4.5 

16.5 

22.0  -93.0 

n/a 

n/a 

-SDLVA 

0.0 

0.0 

99.0 

4.5 

16.5 

22.0  -93.0 

53.4 

-62.6 

ESMNBRD3.RFH 


A  conventional  channelizer  filter  bank  may  have  an  insertion  loss  that  varies  from  about  12  dB  up  to  35  dB.  A  typical 
value  of  15  dB  loss  is  used  in  the  2nd  Run  as  compared  to  the  HTS  loss  estimate  of  6  dB  with  a  noise  figure  of  only  2.8  dB. 


CCR-HTS  FILTER  BANK 


DATE: 04-15-1994  TIME=08 : 28 : 30 


NAME 

COMPONENTS 

TOTALS 

RECEIVERS 

GAIN 

NF 

IP3 

GAIN 

NF 

IP3  NOISE 

2TDR 

SENS 

(dB) 

(dB) 

(dBm) 

(dB) 

(dB) 

(dBm) (dBm/MHz) (dB) 

(dBm) 

1. 

ANT  CABLE 

-1.0 

1.0 

99.0 

-1.0 

1.0 

99.0  -114.0 

n/a 

n/a 

2. 

FRONT-END 

10.0 

8.0 

25.0 

9.0 

9.0 

25.0  -96.0 

n/a 

n/a 

-BIT  SWITCH 

-1.5 

1.5 

40.0 

-1.5 

1.5 

40.0  -114.0 

n/a 

n/a 

-QUADPLXR 

-1.0 

1.0 

99.0 

-2.5 

2.5 

39.0  -114.0 

n/a 

n/a 

-SP4T 

-2.5 

2.5 

40.0 

-5.0 

5.0 

34.9  -114.0 

n/a 

n/a 

-RF  AMPL 

15.0 

3.0 

25.0 

10.0 

8.0 

25.0  -96.0 

n/a 

n/a 

3. 

,  FREQ  CONV 

7.0 

11.0 

26.5 

16.0 

9.7 

25.4  -88.3 

n/a 

n/a 

-MIXER 

-7.0 

7.0 

15.0 

-7.0 

7.0 

15.0  -114.0 

n/a 

n/a 

-BPF 

-1.0 

1.0 

99.0 

-8.0 

8.0 

14.0  -114.0 

n/a 

n/a 

-IF  AMPL 

15.0 

3.0 

30.0 

7.0 

11.0 

26.5  -96.0 

n/a 

n/a 

4. 

.  LONG  RUN 

-10.0 

10.0 

99.0 

6.0 

9.8 

15.4  -98.2 

n/a 

n/a 

5, 

.  IF  AMP 

12.0 

3.0 

30.0 

18.0 

9.9 

25.5  -86.1 

n/a 

n/a 

6. 

.  PWR  SPLIT 

-3.5 

3.5 

99.0 

14.5 

10.0 

22.0  -89.5 

n/a 

n/a 

7, 

.  CHANNELZR 

1.5 

5.7 

23.9 

16.0 

10.0 

20.7  -88.0 

51.3 

-72.2 

(  BWrf»  100.0 

,BWV* 

20.0 

,TSSd*- 

•65.0  ,BWdet= 

20.0  ,Eq®Linear  ,SNR=  14 

-Coax 

-1.5 

1.5 

99.0 

-1.5 

1.5 

99.0  -114.0 

n/a 

n/a 

-AMPLIFIER 

9.0 

4.0 

30.0 

7.5 

5.5 

30.0  -101.0 

n/a 

n/a 

-FILTERBNK 

-6.0 

2.5 

40.0 

1.5 

5.7 

23.9  -106.8 

n/a 

n/a 

-SDLVA 

0.0 

0.0 

99.0 

1.5 

5.7 

23.9  -106.8 

55.2 

-60.5 

ESMCH.RFH 


ESM  -  5th  Run  (FTSF  Insertion  vs.  Quadruplexer) 

The  HTS  Flowthrough  Switched  Preselector  (FTSW)  is  an  unusual  device  that  can  be  applied  to  ESM.  shared  aperture  and 
other  applications.  The  FTSF  is  a  switched  filter  bank  of  eight  2  GHz  frequency  segments  or  filters  that  in  total  cover  2  to  18 
GHz.  It  has  two  outputs.  In  this  ESM  application  one  of  the  outputs  is  a  selected  2  GHz  segment  being  sent  to  the  CCR  while  the 


ESM  -5TH  RUN 


DATE: 04-15-1994 


name  components 


GAIN 

NF 

IP3 

(dB) 

(dB) 

(dBm) 

1. 

ANT  CABLE 

-1.0 

1.0 

99.0 

2. 

FRONT-END 

10.0 

6.8 

25.0 

-BIT  SWITCH 

-1.5 

1.5 

40.0 

-HTS  FTSW 

-3.2 

1.1 

40.0 

-RF  AMPL 

14.7 

3.0 

25.0 

3. 

FREQ  CONV 

7.0 

11.0 

26.5 

-MIXER 

-7.0 

7.0 

15.0 

-BPF 

-1.0 

1.0 

99.0 

-IF  AMPL 

15.0 

3.0 

30.0 

4. 

LONG  RUN 

-10.0 

10.0 

99.0 

5. 

IF  AMP 

18.0 

3.0 

30.0 

6. 

PWR  SPLIT 

-3.5 

3.5 

99.0 

7. 

Divider 

n/a 

n/a 

n/a 

8. 

CHANNELZR 

-4.5 

7.4 

15.0 

(  BWrf®  100.0 

,BWv* 

20.0 

, TSSd=- 

-IF  CABLE 

-1.5 

1.5 

99.0 

-AMPLIFIER 

12.0 

3.0 

30.0 

-FILTERBNK 

-15.0 

15.0 

99.0 

-SDLVA 

0.0 

0.0 

99.0 

9, 

.  DELAY  LINE 

0.0 

30.5 

27.0 

-100  NSEC 

-25.0 

25.0 

99.0 

-1ST  AMP 

25.0 

2.5 

30.0 

-100  NSEC 

-25.0 

25.0 

99.0 

-2ND  AMP 

25.0 

2.5 

30.0 

10 

.  NB  RCVR 

4.5 

16.5 

22.0 

(  BWrf»  100.0 

,BWv* 

20.0 

,TSSd»- 

-IF  COAX 

-1.5 

1.5 

99.0 

-1ST  MIXER 

-7.0 

7.0 

15.0 

-BPF 

-1.0 

1.0 

99.0 

-1ST  IF 

11.0 

5.3 

30.0 

-2ND  MIXER 

-7.0 

7.0 

15.0 

-BPF 

-1.0 

1.0 

99.0 

-2ND  IF 

11.0 

5.3 

30.0 

-DLVA 

0.0 

0.0 

99.0 

TIME»09:27:57 


TOTALS 

RECEIVERS 

GAIN 

NF 

IP3  NOISE 

2TDR 

SENS 

(dB) 

(dB) 

(dBm) (dBm/MHz) (dB) 

(dBm) 

-1.0 

1.0 

99.0  -114.0 

n/a 

n/a 

9.0 

7.8 

25.0  -97.2 

n/a 

n/a 

-1.5 

1.5 

40.0  -114.0 

n/a 

n/a 

-4.7 

2.6 

35.1  -116.1 

n/a 

n/a 

10.0 

6.8 

25.0  -97.2 

n/a 

n/a 

16.0 

8.7 

25.4  -89.3 

n/a 

n/a 

-7.0 

7.0 

15.0  -114.0 

n/a 

n/a 

-8.0 

8.0 

14.0  -114.0 

n/a 

n/a 

7.0 

11.0 

26.5  -96.0 

n/a 

n/a 

6.0 

8.9 

15.4  -99.1 

n/a 

n/a 

24.0 

9.0 

28.4  -81.0 

n/a 

n/a 

20.5 

9.0 

24.9  -84.5 

n/a 

n/a 

20.5 

9.0 

24 . 9  n/a 

n/a 

n/a 

16.0 

9.0 

13.9  -89.0 

47.1 

-72.8 

S5.0  ,BWdet= 

20.0  ,Eq=Linear  ,SNR=  14  ) 

-1.5 

1.5 

99.0  -114.0 

n/a 

n/a 

10.5 

4.5 

30.0  -99.0 

n/a 

n/a 

-4.5 

7.4 

15.0  -111.1 

n/a 

n/a 

-4.5 

7.4 

15.0  -111.1 

49.3 

-54.5 

20.5 

12.5 

22.8  -81.0 

n/a 

n/a 

-25.0 

25.0 

99.0  -114.0 

n/a 

n/a 

0.0 

27.5 

30.0  -86.5 

n/a 

n/a 

-25.0 

29.4 

5.0  -109.6 

n/a 

n/a 

0.0 

30.5 

27.0  -83.5 

n/a 

n/a 

25.0 

12.6 

20.9  -76.4 

44.6 

-70.9 

65.0  ,BWdet* 

20.0  ,Eq=Linear  ,SNR=  14  ) 

-1.5 

1.5 

99.0  -114.0 

n/a 

n/a 

-8.5 

8.5 

15.0  -114.0 

n/a 

n/a 

-9.5 

9.5 

14.0  -114.0 

n/a 

n/a 

1.5 

14.8 

23,8  -97.7 

n/a 

n/a 

-5.5 

15.2 

12.8  -104.3 

n/a 

n/a 

-6,5 

15.3 

11.8  -105.2 

n/a 

n/a 

4.5 

16.5 

22.0  -93.0 

n/a 

n/a 

4.5 

16.5 

22.0  -93.0 

53.4 

-62.6 

ESM2ND.RFH 
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ESM  -4TH  RUN 


■DATE: 04-15-1994  TIME*09 : 12 : 17 


NAME 

COMPONENTS 

TOTALS 

RECEIVERS 

GAIN 

NF 

IP3 

GAIN 

NF 

IP3 

NOISE 

2TDR 

SENS 

(dB) 

(dB) 

(dBm) 

(dB) 

(dB) 

(dBm) (dBm/MHz) (dB) 

(dBm) 

1, 

.  ANT  CABLE 

-1.0 

1.0 

99.0 

-1.0 

1.0 

99.0 

-114.0 

n/a 

n/a 

2. 

,  FRONT-END 

10.0 

10.5 

25.0 

9.0 

11.5 

25.0 

-93.5 

n/a 

n/a 

-BIT  SWITCH 

-1.5 

1.5 

40.0 

-1.5 

1.5 

40.0 

-114.0 

n/a 

n/a 

-SWFILTERS 

-6.0 

6.0 

40.0 

-7.5 

7.5 

33.0 

-114.0 

n/a 

n/a 

-RF  AMPL 

17.5 

3.0 

25.0 

10.0 

10.5 

25.0 

-93.5 

n/a 

n/a 

3. 

FREQ  CONV 

7.0 

11.0 

26.5 

16.0 

11.9 

25.4 

-86.1 

n/a 

n/a 

-MIXER 

-7.0 

7.0 

15.0 

-7.0 

7.0 

15.0 

-114.0 

n/a 

n/a 

-BPF 

-1.0 

1.0 

99.0 

-8.0 

8.0 

14.0 

-114.0 

n/a 

n/a 

-IF  AMPL 

15.0 

3.0 

30.0 

7.0 

11.0 

26.5 

-96.0 

n/a 

n/a 

4. 

LONG  RUN 

-10.0 

10.0 

99.0 

6.0 

12.0 

15.4 

-96.0 

n/a 

n/a 

5. 

IF  AMP 

18.0 

3.0 

30.0 

24.0 

12.1 

28.4 

-77.9 

n/a 

n/a 

6. 

PWR  SPLIT 

-3.5 

3.5 

99.0 

20.5 

12.1 

24.9 

-81.4 

n/a 

n/a 

7. 

Divider 

n/a 

n/a 

n/a 

20.5 

12.1 

24.9 

n/a 

n/a 

n/a 

8. 

.  CHANNELZR 

-4.5 

7.4 

15.0 

16.0 

12.1 

13.9 

-85.9 

45.8 

-70.9 

(  BWrf=  100.0 

,BWv= 

20.0 

,TSSd=- 

65.0  ,BWdet= 

o 

• 

o 

Eq=Linenr  ,SNR=  14 

-IF  CABLE 

-1.5 

1.5 

99.0 

-1.5 

1.5 

99.0 

-114.0 

n/a 

n/a 

-AMPLIFIER 

12.0 

3.0 

30.0 

10.5 

4.5 

30.0 

-99.0 

n/a 

n/a 

-FILTERBNK 

-15.0 

15.0 

99.0 

-4.5 

7.4 

15.0 

-111.1 

n/a 

n/a 

-SDLVA 

0.0 

0.0 

99.0 

-4.5 

7.4 

15.0 

-111.1 

49.3 

-54.5 

9, 

.  DELAY  LINE 

0.0 

30.5 

27.0 

20.5 

14.2 

22.8 

-79.3 

n/a 

n/a 

-100  NSEC 

-25.0 

25.0 

99.0 

-25.0 

25.0 

99.0 

-114.0 

n/a 

n/a 

-1ST  AMP 

25.0 

2.5 

30.0 

0.0 

27.5 

30.0 

-86.5 

n/a 

n/a 

-100  NSEC 

-25.0 

25.0 

99.0 

-25.0 

29.4 

5.0 

-109.6 

n/a 

n/a 

-2ND  AMP 

25.0 

2.5 

30.0 

0.0 

30.5 

27.0 

-83.5 

n/a 

n/a 

10. 

.  NB  RCVR 

4.5 

16.5 

22.0 

25.0 

14.2 

20.9 

-74.8 

43.5 

-69.3 

(  BWrf*  100.0 

,BWv» 

20.0 

,TSSd=- 

>65.0  ,BWdet* 

20.0  , 

Eq^Linear  ,SNR=  14 

-IF  COAX 

-1.5 

1.5 

99.0 

-1.5 

1.5 

99.0 

-114.0 

n/a 

n/a 

-1ST  MIXER 

-7.0 

7.0 

15.0 

-8.5 

8.5 

15.0 

-114.0 

n/a 

n/a 

-BPF 

-1.0 

1.0 

99.0 

-9.5 

9.5 

14.0 

-114.0 

n/a 

n/a 

-1ST  IF 

11.0 

5.3 

30.0 

1.5 

14.8 

23.8 

-97.7 

n/a 

n/a 

-2ND  MIXER 

-7.0 

7.0 

15.0 

-5.5 

15.2 

12.8 

-104.3 

n/a 

n/a 

-BPF 

-1.0 

1.0 

99.0 

-6.5 

15.3 

11.8 

-105.2 

n/a 

n/a 

-2ND  IF 

11.0 

5.3 

30.0 

4.5 

16.5 

22.0 

-93.0 

n/a 

n/a 

-DLVA 

0.0 

0.0 

99.0 

4.5 

16.5 

22.0 

-93.0 

53.4 

-62.6 

ESM2ND.RFH 
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ES  -HTS  SW  6  FILTERBANK 


DATE: 04-18-1994  TIME=12 : 30 : 17 


NAME  COMPONENTS  TOTALS  RECEIVERS 


GAIN 

NF 

IP3 

GAIN 

NF 

IP3 

NOISE 

2TDR 

SENS 

(dB) 

(dB) 

(dBm) 

(dB) 

(dB) 

(dBm) (dBm/MHz) (dB) 

(dBm) 

1, 

ANT  CABLE 

-1.0 

1.0 

99.0 

-1.0 

1.0 

99.0 

-114.0 

n/a 

n/a 

2. 

,  front-end 

16.3 

3.8 

25.0 

15.3 

4.8 

25.0 

-93.9 

n/a 

n/a 

-HTS  BIT 

-0.2 

0.1 

40.0 

-0.2 

0.1 

40.0 

-114.2 

n/a 

n/a 

-HTS  FBANK 

-1.0 

0.3 

40.0 

-1.2 

0.4 

36.5 

-114.8 

n/a 

n/a 

-RF  AMPL 

17.5 

3.0 

25.0 

16.3 

3.8 

25.0 

-93.9 

n/a 

n/a 

3. 

.  FREQ  CONV 

7.0 

11.0 

26.5 

22.3 

5.3 

25.4 

-86.4 

n/a 

n/a 

-MIXER 

-7.0 

7.0 

15.0 

-7.0 

7.0 

15.0 

-114.0 

n/a 

n/a 

-BPF 

-1.0 

1.0 

99.0 

-8.0 

8.0 

14.0 

-114.0 

n/a 

n/a 

-IF  AMPL 

15.0 

3.0 

30.0 

7.0 

11.0 

26.5 

-96.0 

n/a 

n/a 

4. 

.  LONG  RUN 

-10.0 

10.0 

99.0 

12.3 

5.4 

15.4 

-96.3 

n/a 

n/a 

5. 

.  IF  AMP 

18.0 

3.0 

30.0 

30.3 

5.4 

28.4 

-78.3 

n/a 

n/a 

6, 

.  PWR  SPLIT 

-3.5 

3.5 

99.0 

26.8 

5.4 

24.9 

-81.8 

n/a 

n/a 

7. 

.  Divider 

n/a 

n/a 

n/a 

26.8 

5.4 

24.9 

n/a 

n/a 

n/a 

8. 

.  CHANNELZR 

-4.5 

7.4 

15.0 

22.3 

5.4 

13.9 

-86.3 

46.0 

-77.4 

(  BWrf«  100.0 

,BWv= 

20.0 

,TSSd-- 

■65.0  ,BWdet= 

o 

• 

o 

Eq=Linear  , SNP 

14 

-IF  CABLE 

-1.5 

1.5 

99.0 

-1.5 

1.5 

99.0 

-114.0 

n/a 

n/a 

-AMPLIFIER 

12.0 

3.0 

30.0 

10.5 

4.5 

30.0 

-99.0 

n/a 

n/a 

-FILTERBNK 

-15,0 

15.0 

99.0 

-4.5 

7.4 

15.0 

-ll"*  * 

n/a 

n/a 

-SDLVA 

0.0 

0.0 

99.0 

-4.5 

7.4 

15.0 

-1. 

^9.3 

-54.5 

9. 

.  DELAY  LINE 

0.0 

30.5 

27.0 

26.8 

7.7 

22.8 

-79.5 

n/a 

n/a 

-100  NSEC 

-25.0 

25.0 

99.0 

-25.0 

25.0 

99.0 

-114.0 

n/a 

n/a 

-1ST  AMP 

25.0 

2.5 

30.0 

0.0 

27.5 

30.0 

-86.5 

n/a 

n/a 

-100  NSEC 

-25.0 

25.0 

99.0 

-25.0 

29.4 

5.0 

-109.6 

n/a 

n/a 

-2ND  AMP 

25.0 

2.5 

30.0 

0.0 

30.5 

27.0 

-83.5 

n/a 

n/a 

10, 

.  NB  RCVR 

4.5 

16,5 

22.0 

31.3 

7.7 

20.9 

-75.0 

43.6 

-75.8 

(  BWrf»  100.0 

,BWv= 

20.0 

,TSSd=- 

■65.0  ,BWdet= 

20.0  , 

Eq=Linear  ,SNR 

;=  14 

-IF  COAX 

-1,5 

1.5 

99.0 

-1.5 

1.5 

99.0 

-114.0 

n/a 

n/a 

-1ST  MIXER 

-7.0 

7.0 

15.0 

-8.5 

8.5 

15.0 

-114.0 

n/a 

n/a 

-BPF 

-1.0 

1.0 

99.0 

-9.5 

9.5 

14.0 

-114.0 

n/a 

n/a 

-1ST  IF 

11.0 

5.3 

30.0 

1.5 

14.8 

23.8 

-97.7 

n/a 

n/a 

-2ND  MIXER 

-7.0 

7.0 

15.0 

-5.5 

15.2 

12.8 

-104.3 

n/a 

n/a 

-BPF 

-1.0 

1.0 

99.0 

-6.5 

15.3 

11.8 

-105.2 

n/a 

n/a 

-2ND  IF 

11.0 

5.3 

30.0 

4.5 

16.5 

22.0 

-93.0 

n/a 

n/a 

-DLVA 

0.0 

0.0 

99.0 

4.5 

16.5 

22.0 

-93.0 

53.4 

-62.6 

ESM4TH.RFH 
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ESM: HTS-FTSF , DELAY&FBANK 


DATE: 04-15-1994  TIME*09 : 49 : 50 


NAME 

COMPONENTS 

TOTALS 

RECEIVERS 

GAIN 

NF 

IP3 

GAIN 

NF 

IP3  NOISE 

2TDR 

SENS 

(dB) 

(dB) 

(dBm) 

(dB) 

(dB) 

(dBm) (dBm/MHz) (dB) 

(dBm) 

1. 

.  ANT  CABLE 

-1.0 

1.0 

99.0 

-1.0 

1.0 

99.0  -114.0 

n/a 

n/a 

2. 

,  fe-ftsf 

10.0 

6.8 

25.0 

9.0 

7.8 

25.0  -97.2 

n/a 

n/a 

-BIT  SWITCH 

-1.5 

1.5 

40.0 

-1.5 

1.5 

40.0  -114.0 

n/a 

n/a 

-HTS  FTSW 

-3.2 

1.1 

40.0 

-4.7 

2.6 

35.1  -116.1 

n/a 

n/a 

-RF  AMPL 

14.7 

3.0 

25.0 

10.0 

6.8 

25.0  -97.2 

n/a 

n/a 

3. 

.  FREQ  CONV 

7.0 

11.0 

26.5 

16.0 

8.7 

25.4  -89.3 

n/a 

n/a 

-MIXER 

-7.0 

7.0 

15.0 

-7.0 

7.0 

15.0  -114.0 

n/a 

n/a 

-BPF 

-1.0 

1.0 

99.0 

-8.0 

8.0 

14.0  -114.0 

n/a 

n/a 

-IF  AMPL 

15.0 

3.0 

30.0 

7.0 

11.0 

26.5  -96.0 

n/a 

n/a 

4. 

.  LONG  RUN 

-10.0 

10.0 

99.0 

6.0 

8.9 

15.4  -99.1 

n/a 

n/a 

5. 

.  IF  AMP 

12.0 

3.0 

30.0 

18.0 

9.0 

25.5  -87.0 

n/a 

n/a 

6. 

,  PWR  SPLIT 

-3.5 

3.5 

99.0 

14.5 

9.0 

22.0  -90.5 

n/a 

n/a 

7. 

.  Divider 

n/a 

n/a 

n/a 

14.5 

9.0 

22.0  n/a 

n/a 

n/a 

8. 

,  HTS  CHANZR 

1.5 

5.7 

23.9 

16.0 

9.1 

20.7  -88.9 

51.6 

-72.8 

(  BWrf=  100.0 

,BWv= 

20.0 

,TSSd=- 

65.0  ,BWdet= 

20.0  , Eq=Linear  , SNR 

:=  14 

-IF  CABLE 

-1.5 

1.5 

99.0 

-1.5 

1.5 

99.0  -114.0 

n/a 

n/a 

-AMPLIFIER 

9.0 

4.0 

30.0 

7.5 

5.5 

30.0  -101.0 

n/a 

n/a 

-HTS  FILTER 

-6.0 

2.5 

40.0 

1.5 

5.7 

23.9  -106.8 

n/a 

n/a 

-SDLVA 

0.0 

0.0 

99.0 

1.5 

5.7 

23.9  -106.8 

55.2 

-60.5 

9, 

.  HTS  DELAY 

-3.6 

1.3 

40.0 

10.9 

9.0 

18.4  -94.1 

n/a 

n/a 

I-200NSEC 

-3.6 

1.3 

40.0 

-3.6 

1.3 

40.0  -116.3 

n/a 

n/a 

10, 

.  NB  RCVR 

4.5 

16.5 

22.0 

15.4 

10.6 

19.4  -88.0 

50.4 

-71.6 

(  BWrf=  100 . 0 

,BWv= 

20.0 

,TSSd=- 

65.0  ,BWdet= 

20.0  , Eq=Linear  , SNR 

:=  14 

-IF  COAX 

-1.5 

1.5 

99.0 

-1.5 

1.5 

99.0  -114.0 

n/a 

n/a 

-1ST  MIXER 

-7.0 

7.0 

15.0 

-8.5 

8.5 

15.0  -114.0 

n/a 

n/a 

-BPF 

-1.0 

1.0 

99.0 

-9.5 

9.5 

14.0  -114.0 

n/a 

n/a 

-1ST  IF 

11.0 

5.3 

30.0 

1.5 

14.8 

23.8  -97.7 

n/a 

n/a 

-2ND  MIXER 

-7.0 

7.0 

15.0 

-5.5 

15.2 

12.8  -104.3 

n/a 

n/a 

-BPF 

-1.0 

1.0 

99.0 

-6.5 

15.3 

11.8  -105.2 

n/a 

n/a 

-2ND  IF 

11.0 

5.3 

30.0 

4.5 

16.5 

22.0  -93.0 

n/a 

n/a 

-DLVA 

0.0 

0.0 

99.0 

4.5 

16.5 

22.0  -93.0 

53.4 

-62.6 

ESM5th.RFH 


HTS  MIXER  &  BPF 


DATE: 04-15-1994 


TIME=13:28;33 


NAME 

COMPONENTS 

TOTALS 

RECEIVERS 

GAIN 

NF 

IP3 

GAIN 

NF 

IP3  NOISE 

2TDR 

SENS 

(dB) 

(dB) 

(dBm) 

(dB) 

(dB) 

(dBm) (dBm/MHz) (dB) 

(dBm) 

1. 

ANT  CABLE 

-1.0 

1.0 

99.0 

-1.0 

1.0 

99.0  -114.0 

n/a 

n/a 

2. 

FRONT-END 

-4.7 

2.6 

35.1 

-5.7 

3.6 

35.1  -116.1 

n/a 

n/a 

-BIT  SWITCH 

-1.5 

1.5 

40.0 

-1.5 

1.5 

40.0  -114.0 

n/a 

n/a 

-HTS  FTSF 

-3.2 

1.1 

40.0 

-4.7 

2.6 

35.1  -116.1 

n/a 

n/a 

3. 

,  FREQ  CONV 

21.7 

6.1 

30.0 

16.0 

11.4 

30.0  -86.6 

n/a 

n/a 

-HTS  MIXER 

-4.0 

1.5 

30.0 

-4.0 

1.5 

30.0  -116.5 

n/a 

n/a 

-HTS  BPF 

-0.2 

0.1 

40.0 

-4.2 

1.6 

29.4  -116.6 

n/a 

n/a 

-IF  AMPL 

25.9 

3.0 

30.0 

21.7 

6.1 

30.0  -86.2 

n/a 

n/a 

4. 

.  LONG  RUN 

-10.0 

10.0 

99.0 

6.0 

11.4 

20.0  -96.6 

n/a 

n/a 

5. 

.  IF  AMP 

18.0 

3.0 

30.0 

24.0 

11.5 

29.4  -78.5 

n/a 

n/a 

6. 

.  PWR  SPLIT 

-3.5 

3.5 

99.0 

20.5 

11.5 

25.9  -82.0 

n/a 

n/a 

7, 

.  CHANNELZR 

-4.5 

7.4 

15.0 

16.0 

11.5 

14.1  -86.5 

46.2 

-71.3 

(  BWrf*  100.0 

,BWv= 

20.0 

,TSSd=- 

•65.0  ,  BWdet= 

20.0  ,Eq=Linear  ,SNR=  14 

-Coax 

-1.5 

1.5 

99.0 

-1.5 

1.5 

99.0  -114.0 

n/a 

n/a 

-AMPLIFIER 

12.0 

3.0 

30.0 

10.5 

4.5 

30.0  -99.0 

n/a 

n/a 

-FILTERBNK 

-15.0 

15.0 

99.0 

-4.5 

7.4 

15.0  -111.1 

n/a 

n/a 

-SDLVA 

0.0 

0.0 

99.0 

-4.5 

7.4 

15.0  -111.1 

49.3 

-54 . 5 

CHTHMIX.RFH 
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HTS  SSBMIXER,BPF,BIT  SW 


DATE: 04-15-1994  TIME=13 : 55 : 47 


name  components  totals  RECEIVERS 


GAIN 

NF 

IP3 

GAIN 

NF 

IP3  NOISE 

2TDR 

SENS 

(dB) 

(dB) 

(dBm) 

«iB) 

(dB) 

(dBm) (dBm/MHz) (dB) 

(dBm) 

1. 

ANT  CABLE 

-1.0 

1.0 

99.0 

-1.0 

1.0 

99.0  -114.0 

n/a 

n/a 

2. 

FRONT-END 

-3.4 

1.2 

35.1 

-4.4 

2.2 

35.1  -116.2 

n/a 

n/a 

-HTS  SWITCH 

-0.2 

0.1 

40.0 

-0.2 

0.1 

40.0  -114.2 

n/a 

n/a 

-HTS  FTSF 

-3.2 

1.1 

40.0 

-3.4 

1.2 

35.1  -116.2 

n/a 

n/a 

3. 

FREQ  CONV 

24.3 

4.2 

30.0 

19.9 

7.8 

30.0  -86.3 

n/a 

n/a 

-HTS  MIXER 

-1.5 

0.5 

30.0 

-1.5 

0.5 

30.0  -115.0 

n/a 

n/a 

-HTS  BPF 

-0.2 

0.1 

40.0 

-1.7 

0.6 

29.4  -115.1 

n/a 

n/a 

-IF  AMPL 

26.0 

3.0 

30.0 

24.3 

4.2 

30.0  -85.5 

n/a 

n/a 

4. 

.  LONG  RUN 

-10.0 

10.0 

99.0 

9.9 

7.9 

20.0  -96.2 

n/a 

n/a 

5. 

.  IF  AMP 

14.0 

3.0 

30.0 

23.9 

8.0 

28.5  -82.1 

n/a 

n/a 

6. 

.  PWR  SPLIT 

-3.5 

3.5 

99.0 

20.4 

8.0 

25.0  -85.6 

n/a 

n/a 

7, 

.  CHANNELZR 

-4.5 

7.4 

15.0 

15.9 

8.0 

13.9  -90.1 

47.5 

-73.2 

(  BWrf=  100.0 

,BWv= 

20.0 

,TSSd=- 

>65.0  ,BWdet= 

20.0  ,Eq=Linear  ,SNR=  14 

-Coax 

-1.5 

1.5 

99.0 

-1.5 

1.5 

99.0  -114.0 

n/a 

n/a 

-AMPLIFIER 

12.0 

3.0 

30.0 

10.5 

4.5 

30.0  -99.0 

n/a 

n/a 

-FILTERBNK 

-15.0 

15.0 

99.0 

-4.5 

7.4 

15.0  -111.1 

n/a 

n/a 

-SDLVA 

0.0 

0.0 

99.0 

-4.5 

7.4 

15.0  -111.1 

49.3 

-54.5 

CHTHMIX.RFH 
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ESM  -  EVERYTHING 


)ATE: 05-24-1994  TIME=11 : 13 ; 21 


NAME 

COMPONENTS 

TOTALS 

RECEIVERS 

GAIN 

NF 

IP3 

GAIN 

NF 

IP3  NOISE 

2TDR 

SENS 

(dB) 

(dB) 

(dBm) 

(dB) 

(dB) 

(dBm) (dBm/MHz) (dB) 

(dBm) 

ANT  CABLE 

-1.0 

1.0 

99.0 

-1.0 

1.0 

99.0  -114.0 

n/a 

n/a 

FRONT-END 

16.3 

3.8 

25.0 

15.3 

4.8 

25.0  -93.9 

n/a 

n/a 

-BIT  SWITCH 

-0.2 

0.1 

40.0 

-0.2 

0.1 

40.0  -114.1 

n/a 

n/a 

-SWFILTERS 

-1.0 

0.3 

40.0 

-1.2 

0.4 

36.5  -114.8 

n/a 

n/a 

-RF  AMPL 

17.5 

3.0 

25.0 

16.3 

3.8 

25.0  -93.9 

n/a 

n/a 

FREQ  CONV 

7.0 

11.0 

26.5 

22.3 

5.3 

25.4  -86.4 

n/a 

n/a 

-MIXER 

-7.0 

7.0 

15.0 

-7.0 

7.0 

15.0  -114.0 

n/a 

n/a 

-BPF 

-1.0 

1.0 

99.0 

-8.0 

8.0 

14.0  -114.0 

n/a 

n/a 

-IF  AMPL 

15.0 

3.0 

30.0 

7.0 

11.0 

26.5  -96.0 

n/a 

n/a 

.  LONG  RUN 

-10.0 

10.0 

99.0 

12.3 

5.4 

15.4  -96.3 

n/a 

n/a 

.  IF  AMP 

12.0 

3.0 

30.0 

24.3 

5.4 

25.5  -84.3 

n/a 

n/a 

.  PWR  SPLIT 

-3.5 

3.5 

99.0 

20.8 

5.4 

22.0  -87.8 

n/a 

n/a 

.  Divider 

n/a 

n/a 

n/a 

20.8 

5.4 

22.0  n/a 

n/a 

n/a 

.  CHANNELZR 

1.5 

5.7 

23.9 

22.3 

5.5 

20.7  -86.2 

50.5 

-77.4 

(  BWrf-  100.0 

,BWv* 

20.0 

,TSSd=- 

65.0  ,BWdet= 

20.0  ,Eq=Linear  ,SNR=  14 

-IF  CABLE 

-1.5 

1.5 

99.0 

-1.5 

1.5 

99.0  -114.0 

n/a 

n/a 

-AMPLIFIER 

0 

4.0 

30.0 

7.5 

5.5 

30.0  -101.0 

n/a 

n/a 

-FILTERBNK 

-6.0 

2.5 

40.0 

1.5 

5.7 

23.9  -106.8 

n/a 

n/a 

-SDLVA 

0.0 

0.0 

99.0 

1.5 

5.7 

23.9  -106.8 

55.2 

-60.5 

.  DELAY  LINE 

-3.6 

1.3 

40.0 

17.2 

5.4 

18.4  -91.4 

n/a 

n/a 

|-200  NSEC 

-3.6 

1.3 

40.0 

-3.6 

1.3 

40.0  -116.3 

n/a 

n/a 

.  NB  RCVR 

4.5 

16.5 

22.0 

21.7 

6.4 

19.4  -85.9 

49.5 

-76.6 

(  BWrf*  100 . 0 

,BWv= 

20.0 

,TSSd=- 

■65.0  ,BWdet= 

20.0  ,Eq=Linear  ,SNR=  14 

-IF  COAX 

-1.5 

1.5 

99.0 

-1.5 

1.5 

99.0  -114.0 

n/a 

n/a 

-1ST  MIXER 

-7.0 

7.0 

15.0 

-8.5 

8.5 

15.0  -114.0 

n/a 

n/a 

-BPF 

-1.0 

1.0 

99.0 

-9.5 

9.5 

14.0  -114.0 

n/a 

n/a 

-1ST  IF 

11.0 

5.3 

30.0 

1.5 

14.8 

23.8  -97.7 

n/a 

n/a 

-2ND  MIXER 

-7.0 

7.0 

15.0 

-5.5 

15.2 

12.8  -104.3 

n/a 

n/a 

-BPF 

-1.0 

1.0 

99.0 

-6.5 

15.3 

11.8  -105.2 

n/a 

n/a 

-2ND  IF 

11.0 

5.3 

30.0 

4.5 

16.5 

22.0  -93.0 

n/a 

n/a 

-DLVA 

0.0 

0.0 

99.0 

4.5 

16.5 

22.0  -93.0 

53.4 

-62.6 

EVERY. RFH 


EVERYTHING-REDUCED  GAIN 


DATE: 05-24-1994  TIME=11 : 11 : 02 


NAME  COMPONENTS  TOTALS  RECEIVERS 


GAIN 

NF 

IP3 

GAIN 

NF 

IP3  NOISE 

2TDR 

SENS 

(dB) 

(dB) 

(dBm) 

(dB) 

(dB) 

(dBm) (dBm/MHz) (dB) 

(dBm) 

1. 

.  ANT  CABLE 

-1.0 

1.0 

99.0 

-1.0 

1.0 

99.0  -114.0 

n/a 

n/a 

2. 

,  FRONT-END 

8.8 

3.8 

25.0 

7.8 

4.8 

25.0  -101.4 

n/a 

n/a 

-BIT  SWITCH 

-0.2 

0.1 

40.0 

-0.2 

0.1 

40.0  -114.1 

n/a 

n/a 

-SWFILTERS 

-1.0 

0.3 

40.0 

-1.2 

0.4 

36.5  -114.8 

n/a 

n/a 

-RF  AMPL 

10.0 

3.0 

25.0 

8.8 

3.8 

25.0  -101.4 

n/a 

n/a 

3, 

,  FREQ  CONV 

7.0 

11.0 

26.5 

14.8 

7.0 

25.4  -92.2 

n/a 

n/a 

-MIXER 

-7.0 

7.0 

15.0 

-7.0 

7.0 

15.0  -114.0 

n/a 

n/a 

-BPF 

-1.0 

1.0 

99.0 

-8.0 

8.0 

14.0  -114.0 

n/a 

n/a 

-IF  AMPL 

15.0 

3.0 

30.0 

7.0 

11.0 

26.5  -96.0 

n/a 

n/a 

4, 

.  LONG  RUN 

-10.0 

10.0 

99.0 

4.8 

7.2 

15.4  -102.0 

n/a 

n/a 

5. 

.  IF  AMP 

12.0 

3.0 

30.0 

16.8 

7.5 

25.5  -89.7 

n/a 

n/a 

6, 

.  PWR  SPLIT 

-3.5 

3.5 

99.0 

13.3 

7.5 

22.0  -93.2 

n/a 

n/a 

7. 

.  Divider 

n/a 

n/a 

n/a 

13.3 

7.5 

22.0  n/a 

n/a 

n/a 

8, 

.  CHANNELZR 

1.5 

5.7 

23.9 

14.8 

7.6 

20.7  -91.6 

52.3 

-72.6 

(  BWrf*  100.0 

,BWv= 

20.0 

,TSSd=- 

>65.0  ,BWdet= 

20.0  , Eq=Linear  , SNP 

:=  14 

-IF  CABLE 

-1.5 

1.5 

99.0 

-1.5 

1.5 

99.0  -114.0 

n/a 

n/a 

-AMPLIFIER 

9.0 

4.0 

30.0 

7.5 

5.5 

30.0  -101.0 

n/a 

n/a 

-FILTERBNK 

-6.0 

2.5 

40.0 

1.5 

5.7 

23.9  -106.8 

n/a 

n/a 

-SDLVA 

0.0 

0.0 

99.0 

1.5 

5.7 

23.9  -106.8 

55.2 

-60.5 

9, 

.  DELAY  LINE 

-3.6 

1,3 

40.0 

9.7 

7.5 

18.4  -96.8 

n/a 

n/a 

|-200  NSEC 

-3.6 

1.3 

40.0 

-3.6 

1.3 

40.0  -116.3 

n/a 

n/a 

10, 

.  NB  RCVR 

4.5 

16.5 

22.0 

14.2 

10.1 

19.4  -89.7 

51.0 

-71.3 

(  BWrf*  100 . 0 

,BWv= 

20.0 

,TSSd*- 

65.0  ,BWdet= 

20.0  ,Eg=Linear  ,SNP 

14 

-IF  COAX 

-1.5 

1.5 

99.0 

-1.5 

1.5 

99.0  -114.0 

n/a 

n/a 

-1ST  MIXER 

-7.0 

7.0 

15.0 

-8.5 

8.5 

15.0  -114.0 

n/a 

n/a 

-BPF 

-1.0 

1.0 

99.0 

-9.5 

9.5 

14.0  -114.0 

n/a 

n/a 

-1ST  IF 

11.0 

5.3 

30.0 

1.5 

14.8 

23.8  -97.7 

n/a 

n/a 

-2ND  MIXER 

-7.0 

7.0 

15.0 

-5.5 

15.2 

12.8  -104.3 

n/a 

n/a 

-BPF 

-1.0 

1.0 

99.0 

-6.5 

15.3 

11.8  -105.2 

n/a 

n/a 

-2ND  IF 

11.0 

5.3 

30.0 

4.5 

16.5 

22.0  -93.0 

n/a 

n/a 

-DLVA 

0.0 

0.0 

99.0 

4.5 

16.5 

22.0  -93.0 

53.4 

-62.6 

EVERY. RFH 


The  future  use  of  superconductors  will  be  driven  by  the  perceived  difficulties  associated  with  cryogenic  refrigeration,  the 
advances  being  made  in  low  noise  figure  conventional  devices,  and  the  identified  performance  advantages  of  HTS  devices.  It  is 
suspected  that  with  time  cryogenic  cooling  will  become  accepted  as  reliable  and  relatively  low  cost  (i.e.,  less  than  5K).  In  the 
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Out  of  Channel 
Spurs 


The  three  spur  generating  areas  are  as  shown  above  due  to  the  first  RF  non-linear  devices  (amplifier)  that  precedes  setting 
of  the  IF  bandwidth  (3-5  GHz),  the  combined  elements  that  precede  the  final  setting  of  detection  channelization  (100  MHz),  and 
the  output  of  the  channel  filter  bank.  In  the  latter  case  the  presence  of  spurs  has  no  impact  on  the  detection  process  except  that  the 
presence  of  two  simultaneous  signals  ,while  generally  known,  can  corrupt  parameter  measurements.  In  most  cases  this  is  the 
TTDR  that  is  computed  by  analysis  programs  and  spread  sheets  such  as  ADRATS.  In  the  second  case  two  strong  out-of-channel 
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Future  ESM  System 


is  about  a  3  to  4  dB  improvement  in  sensitivity  and  about  a  10  dB  improvement  in  dynamic 


FUTURE  ESM 


DATE: 06-01-1994  TIME=13 ; 19 : 28 


NAME  COMPONENTS  TOTALS  RECEIVERS 


GAIN 

NF 

IP3 

GAIN 

NF 

IP3  NOISE 

2TDR 

SENS 

(dB) 

(dB) 

(dBm) 

(dB) 

(dfl) 

(dBm) (dBm/ MHz) (dB) 

(dBm) 

L. 

.  ANT  CABLE 

-0.2 

0.2 

99.0 

-0.2 

0.2 

99.0  -114.0 

n/a 

n/a 

1. 

.  FRONT-END 

-1.2 

0.4 

36.5 

-1.4 

0.6 

36.5  -114.8 

n/a 

n/a 

-BIT  SWITCH 

-0.2 

0.1 

40.0 

-0.2 

0.1 

40.0  -114.1 

n/a 

n/a 

-SWFILTERS 

-1.0 

0.3 

40.0 

-1.2 

0.4 

36.5  -114.8 

n/a 

n/a 

). 

.  FREQ  CONV 

18.3 

4.2 

29.6 

16.9 

5.3 

29.6  -91.8 

n/a 

n/a 

-MIXER 

-1.5 

0.5 

20.0 

-1.5 

0.5 

20.0  -115.0 

n/a 

n/a 

-BPF 

-0.2 

0.1 

40.0 

-1.7 

0.6 

19.8  -115.1 

n/a 

n/a 

-IF  AMP 

20.0 

3.0 

30.0 

18.3 

4.2 

29.6  -91.5 

n/a 

n/a 

1. 

.  LONG  RUN 

-10.0 

10.0 

99.0 

6.9 

5.5 

19.6  -101.6 

n/a 

n/a 

>. 

.  IF  AMP 

10.0 

3.0 

30.0 

16.9 

5.8 

26.8  -91.3 

n/a 

n/a 

>. 

.  PWR  SPLIT 

-3.5 

3.5 

99.0 

13.4 

5.8 

23.3  -94.8 

n/a 

n/a 

f. 

.  Divider 

n/a 

n/a 

n/a 

13.4 

5.8 

23.3  n/a 

n/a 

n/a 

), 

.  CHANNELZR 

-6.5 

3.0 

37.0 

6.9 

5.9 

16.7  -101.2 

56.3 

-74.6 

(  BWrf»  100.0 

,BWv« 

20.0 

,TSSd=- 

•75.0  ,BWdet* 

20.0  ,Eg»Linear  ,SNR=  14 

-IF  CABLE 

-0.5 

0.5 

99.0 

-0.5 

0.5 

99.0  -114.0 

n/a 

n/a 

-FILTERBNK 

-6.0 

2.5 

40.0 

-6.5 

3.0 

40.0  -117.5 

n/a 

n/a 

-HTS  DETECT 

0.0 

0.0 

40.0 

-6.5 

3.0 

37.0  -117.5 

70.6 

-62.5 

), 

.  DELAY  LINE 

-3.6 

1.3 

40.0 

9.8 

5.8 

19.6  -98.4 

n/a 

n/a 

1-200  NSEC 

-3.6 

1.3 

40.0 

-3.6 

1.3 

40.0  -116.3 

n/a 

n/a 

). 

.  NB  RCVR 

-2.2 

1.1 

19.7 

7.6 

5.9 

15.4  -100.5 

55.2 

-75.0 

(  BWrf=  100 . 0 

,BWv= 

20.0 

,TSSd=- 

•75.0  ,BWdet= 

20.0  ,Eg»Linear  ,SNR=  14 

-IF  COAX 

-0.5 

0.5 

99.0 

-0.5 

0.5 

99.0  -114.0 

n/a 

n/a 

-HTS  SSBMIX 

-1.5 

0.5 

20.0 

-2.0 

1.0 

20.0  -115.0 

n/a 

n/a 

-HTS  BPF 

-0.2 

0.: 

40.0 

-2.2 

1.1 

19.8  -115.1 

n/a 

n/a 

-HTS  DETECT 

0.0 

0.0 

40.0 

-2.2 

1.1 

19.7  -115.1 

59.1 

-66.7 

future . RFH 


High  Temperature  Supeiconductor(HTS)  devices  can  and  will  improve  the  performance  of  ESM  and  shared  aperture 
receiver  systems.  For  the  near  term  the  most  promising  candidate  for  the  reference  Channelized  Cued  ESM  receiver  system  is  an 
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